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GZ We at Hall Harding have been steadily 
tl? anticipating and fulfilling the needs 
of the drawing office. Today it is 
for over our proud boast that we can supply 
100 years ys anything from a single photo copy t 
a complete print room, from a 
set-square to a complete drawing office 
Small wonder then that for over 
a hundred years, Architects, 
Engineers and Designers have been 


getting in touch with Hall Harding 


HALL HARDING LIMITED 


BRANCHES BATH - BELFAST - BIRMINGHAM 
BRIGHTON - CARDIFF - DERBY - GLASGOW 
HUDDERSFIELD - LEEDS - LONDON (4) 
MANCHESTER - MIDDLESBROUGH, YORKS 
NEWCASTLE-UPON-TYNE | NEWPORT. MON 
PORTSMOUTH - SOUTHAMPTON 


STOKE-ON-TRENT - WOLVERHAMPTON 











% Telephone: ABBEY 7890 
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NEW BOOKLET 





CRONITE FOUNORY C9 L7P 


LAWRENCE RO'TOTTENHAM LONDON NIS 
PHONE “STAMFORD HILL 4237 





| CCENTRICIT® 
1 ‘Ss No bar to ; Nici 


Machines operating under conditions of mis- 


Cncy 





alignment, or working under load fluctuations, 


must operate with minimum loss of power 


, DUNLOP 


T FLEXIBLE COUPLINGS 








HELP SMOOTH WORKING DISC TYPE For heavier equipment 


Oh p. per 100 rt pin 


Dunlop Couplings consist of flexible rubber 
elements bonded to metal ends. The rubber can 
be compounded with varying degrees of stiffness 
as required by the task the coupling has to do, 


but the physical properties are always controlled 





within fine limits. Dunlop Flexible Power Trans- 





mission Couplings can be used with confidence 
a a BARREL TYPE For light » 


in applications whererprecision is vital ating at up to O.S41 1 100rg 


For any problem in pre iston rubber engineering 


CONSULT JDUNL@OP At BLUE-PRINT STAGE 


Dunlop Rubber Co. Lid. ( Engineering Components Division), Fort Dunlap, Lrdington, Hirmingham 24 
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contracts 


from 
Smith-Clayton Forge Ltd 


endorse the supremacy of 


VENTILATION 


Time and again, industrialists 
large and small place repeat orders 
with Colt. And for three good 
reasons. Colt ventilation systems 
depend in the main on internal 
convection currents—not external 
forces—and are therefore little 
affected by the vagaries of the wind. 
Colt offer an unparalleled range of 
ventilators. And most important, 
every Colt recommendation is 
based on a thorough analysis of the 
building, plant and process either 
from a site survey or drawings. 
Such thoroughness influences firms 
such as the Smith-Clayton Forge 
Ltd. It will impress you, too. Ask 
your secretary to send for a free 
manual to Dept. U97/9 


CLEAR OPENING VENTILATORS IN HEAVY STAMP SHOP 


Among the 

Organisations 
25 contracts: 
15 contracts: 
15 contracts: 
12 contracts: 


14 contracts: 
16 contracts: 
11 contracts: 
15 contracts: 
22 contracts: 


9 contracts: 
29 contracts: 
19 contracts: 


21 contracts: 
20 contracts: 


COLT VENTILATION LIMITED * SURBITON - SURREY + TELEPHONE: ELMBRIDGE 0161 


THE ENGINEERS’ 


12,000 major Industrial 
using Colt equipment are: 
British Orygen Co. Ltd. 
Cow & Gate Ltd. 

Dorman Long & Co. Ltd 
English Steel Corporat 
Ltd. 

Ferranti Ltd. 

General Motors Ltd. 
Thomas Hedley & Co. Ltd. 
Hoover Ltd. 


Lever Bros. 
Ltd. 


Joseph L icas Lt a 
National Coal Board 
Philips Electrical 
Industries Ltd. 

The Plessey Co. Ltd. 
Ruston & Hornsby Ltd. 


. Port Sunlight 


(10 LINES) 
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CROSSLEY ENGINES tor Chapel! Cross 


Crossley Brothers have supplied the diesel engines for yet another nuclear power 
station. This time they are to provide standby electrical power for the 
United Kingdom Atomic Energy Authority’s latest station — Chapel Cross. 
Eight Crossley ‘‘HSN”’ six cylinder Scavenge Pump Diesel engines each 
supplying 500 kW through Brush generators, for automatic operation in the 
event of mains failure. Crossley two-cycle Scavenge Pump Diesel engines 
have already been installed at Calder Hall and Dounreay, and are soon to 
enter service at Berkeley and Bradwell. They have been chosen to 


fulfil these vital duties because they are reliable diesel engines. 


EE ESE EERE SEES EERIE ARP 


CROSSLEY ‘ DIESEL ENGINES 


CROSSLEY BROTHERS LIMITED - OPENSHAW - MANCHESTER 11 
cars 


~ 
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TAYLOR- 
HOBSON 


- Miero Alignment Telescope 
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Set and check alignment, parallelism, square- 
ness and generate plane surfaces of Diesel 
Engines, Turbines and Generators, Machine 
Tools, Aircraft Jigs, Nuclear Reactors by 
Optical Tooling. 


A Division of 
RANK PRECISION INDUSTRIES LTD. 


TAYLOR TAYLOR & HOBSON LTD. LEICESTER ENGLAND 
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ies THAT : 
eee Sree a 
Bee ee: zs pirsoes 
Es ee @ |t took exactly 3 seconds to produce 
vee ee the pressing illustrated from the 
wy 


| billet 


HOT BRASS If your components could be produced in such a shor® 
oe time as that, think what a difference it would make to 


Sica your production schedules. There's no loss of quality 


ALLOY in the pressing either . . . and the price is reasonable 
* too! Why not ask us for further details 


ALUMINIUM @ The works operotor has read this 
siiae), v4 3 and is most indignant. He says if we 
PR ESSINGS hadn't been watching him he could 


have produced it even quicker 


BRASS & ALLOY PRESSINGS (DERITEND) LTD. 


LIVERPOOL STREET BIRMINGHAM, 9 
le VICTORIA 294 


A MEMBER OF THE DERITEND GRO 
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** Newallastic '’ bolts and studs have qualities which are abso- 
lutely unique. They have been tested by every known device, 
and have been proved to be stronger and more resistant 
to fatigue than bolts or studs made by the usual method. 
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POSSILPARR GLASGOW: N 
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scrap is 


Heli-coil inserts are 


screw thread repair kits 


from this I) to this in minutes 


Heli-Coil Inserts are self-locking thread liners precision formed from 
high tensile stainless steel wire. The Heli-Coil method is easily the 
quickest and most economical means of repairing damaged threads. 
A Heli-Coil Insert provides a conventional thread many times stronger 
than an unprotected thread. It will outlast the rest of the part! Helli- 
Coil Inserts will repiace weak and stripped threads in minutes when 
all other methods are impractical for structural reasons and the part 
would otherwise have to be scrapped. A Heli-Coil Screw Thread 
Repair Kit enables you to save a great deal of money and time and 
achieve a far better job. The replacement of ordinary and vulnerable 
threads with Heli-Coil is one of the wisest forms of preventative main- 
tenance. Three standard types of Heli-Coil Repair Kit are available, 
plus Special Purpose Heli-Coil Kits “tailored” for particular products 
or firms. Please write for Leaflet H.K.9 for detai s. 


DRILL (| TAP INSTALL _ @ 


*HELI-COIL is @ registered trade mork 
ARMSTRONG PATENTS CO. LTO. EASTGATE, BEVERLEY, YORKS. 
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There’s a 


FOR EVERY WELDING JOB 











From our range for welding 
mild steels the | 


Suitable for all position work, particularly fillets and 
butts in horizontal/vertical and flat positions 
Smooth metal transfer, low spatter and easy 
de-slagging 
Each gauge offers wide range of fillet sizes. Heavy 
multi-run fillets easily produced 
Behaves well on rusty plate and in tight corners 
Welders of limited experience obtain good finish 
j Approvals include Admiralty, Lloyds, Ministry of 

Transport and Ministry of Supply 

For full techmical details write for descriptive leaflet 787/4-1 
The Metrovick range of Giant Builder Electrodes includes 

EH * UNIVICK -« SPEEDIVICK + VERTIVICK 


TENSIVICK - NICHROVICK - CASTIVICK - P250 
MOLVICK + LOCREEP - MINIVICK 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTO TRAFFORD PARK MANCHESTER, | 





An A,E.1, Company 


L/P 804 
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Ford industrial engines are a practical proposition for 
many industrial equipments. . 
pumps, contracting equipment, earth borers, generators, 
railcars, welding plant, works trucks, tractors and 
conversions. Simple design, modern flow-line production 


- compressors, cranes, 


methods and common interchangeable parts contributs 
to the low cost of these high efficiency engines. And 
remember, every Ford engine is fully backed by a 


ke Gm 





industry 


World-wide Spare Parts Service Organisation. Take 
your choice from a wide power range . Diesel 30 to 
86 b.h.p. and Petrol 21 to 87 b.h.p. (12-hr. rating) 

DIESEL ECONOMY—have you considered the 
replacement of existing power units in your equipment 
and trucks with the famous Ford 4D Diesel engine ? 

You'll have the unique advantages of economy, long-life 


andlowrunning costs... plus the best service in the World! 





Wherever you are, whatever your problem, we are at your service. For further details of 


BO 


INDUSTRIAL 
ENGINES 


and the equipments they power, contact your nearest Ford Dealer or write to 


FORD MOTOR COMPANY LTD - PARTS DIVISION - AVELEY DEPOT - SOUTH OCKENDON - ROMFORD - ESSEX - ENGLAND 
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| RIGHT UP OUR STREET! 
) 


being turned out every day. We've not been 


You don't find these air compressor rotors 


making them long ourselves. But we've been thinking 
about them for ages. In working out a manufacturing technique, our 
long experience in the production of accurate worm gears was an 
invaluable asset. We have now developed an entirely new machine for the 
exclusive production of rotors and high lead angle pump screws. 
If you've got a job of this sort... you're right up our street! 


Holroyd te“29 


90 YEARS OF GEARS With acknowledgement to 


James Howden Ltd., for whom 


we made the ahove rotors 


SEPTEMBER, 1958 Volume 19, No. 9 





LOOKING FOR A 
SPRING ? 


No. 760. mn . , 
3 doz. Assorted | (jaunanae -».compression, 18 S.W.G. x 4; x 2”, 17 coils? 
Light Compres- | % ~ 
sion Springs. 1” to ¥ 3 doz. Assorted . ’ er fj it i “ y 
4” long, 221018 S.W.G., ; 1” to 4” long, }” to Sorry, you'll never find it in that drawer of odds 
t” to 4” diam. 6/6 each. 2” diam., aa = and ends. Why not use TERRY’S BOXES OF ASSORTED 
eacn. 





SPRINGS and put your hand on it right away? 


No. 757. No. 388. Just the job for you experimental people—a 
Extra Light Com- 4 gross Assorted 
pression, | gross ! Small Expan- a ; 

Assorted, 4” to y sion Springs. Cr NS compression, expansion, long, short, heavy, light, 
4”, 4” to 2” long, ; i tol)’, 18G (Nee : 

27 to 20 S.W.G. NC to 21G. “ a any gauge you want. We show some of our boxes 
15/- each. 9/6 each. 


simply unlimited variety of springs of every kind— 


here, but why not let us send you our fully 
illustrated list—post free? 
No. 758. No. 753. * Interested in Spring Design? Send for 


Fine Expan- . 3doz. Assor- . e s 
sion Springs. 1 ted Light Ex- ‘Spring Design and Calculations’—Post Free 12/6 


gross Assorted pansion }” to 
No. 1024. 


&” to 9”, 4” to \” diam., 2” to 6” 
20 Compression Springs 12” long. ASS Oo RTE B) S od 4 i | GS 
24G to 18G, suitable 


2” long, 27 to a . long, 22to 18S.W.G. 

20 S.W.G. 15/- each. | 10/6 cach. 
4” to 4” diam., 

for cutting into shorter lengths; and 30 


Expansions 1}” to 12” long, 5/32” to §” 
diam., 22G to 16G. 24/- cach. 











HERBERT TERRY & SONS LTD - REDDITCH -WORCS 
(Makers of quality Springs, Wireforms and Presswork for over 100 yore 
H 
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Maximum output calls for screens that are tough enough 
to withstand long periods of gruelling service, and so reduce 
to a minimum delays for repair or replacement. In fact 
maximum output calls for 


"HARCO’ iio'vinewoer SCREENS 


Supplied as flat or curved plates, or as complete screens to 
specification, in a wide range of gauge, mesh and pattern for 
every screening, sorting or sizing requirement 


Please ask for Catalogues Nos. 
ED858 and ED926 


G. A. HARVEY & CO. (LONDON) LTO 
Woolwich Road, London, S.E.7. GREenwich 3232 (22 lines) 
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PNEUTOMATION 


a power for production 
that’s yours to command 


What you need in your works is this 
pocket-sized elephant — 
PNEUTOMATION ! You'll find 
PNEUTOMATION has all the 
power of a pachyderm, plus 
compactness. You get the 

same tireless energy, 

accurately applied to the 

right place at the right time, 

under perfect control. 
PNEUTOMATION is tailor- 

made to work with the minimum 

of elbow room and the wide 

range of standard equipment fits 
any job from bell-ringing to jig- 
boring. Simple design, careful 
workmanship and completely non- 
corrodible materials cut replacement 
and maintenance costs, 

make Lang PNEUTOMATION a 
really long-lasting, trouble-free system. 


Pneutomation never forgets to operate 





The ‘Pneulang’ basic cylinder unit, just one of 
the 264 cylinders available ‘ off-the-shelf’. 

The range of PREUTOMATION equipment also 
includes many types of manual and automatic 
valves, lubricators, air flow regulators, 

pipes and fittings, etc. 








PNEUTOMATION 
energy under control 


\ Ne aim y , . 


N "LANG PNEUMATIC LTD 


\ VICTORY WORKS BIRMINGHAM ROAD WOLVERHAMPTON Tel 2522123 


Associated with Desoutter Brothers (Holdings) Ltd. 


THE ENGINEERS’ DIGEST 














AN 
EXPERIMENTAL 
DEPARTMENT... 


*.. to deal exclusively with power transmission problems 
has been established at the Brentford Factory of 


METADUCTS LTD. 


Metal fatigue, fretting and corrosion are amongst the many 
problems now being investigated. If vou have a power 
transmission problem, we invite you to send for details 
WE CAN TEST POWERS | to 30,000 h.p. SPEEDS UP 
TO 30,000 r.p.m. and stage life tests under extreme angular 


axial and lateral misalignment 


this service is provided by 


METADUGTS LTD 


METADUCTS LTD., CATHERINE WHEEL ROAD, BRENTFORD, MIDDLESEX. TEL: EAL 5678 


A MEMBER OF THE CONCENTRIC GROUP OF COMPANIES 


MAKERS OF THE WORLD'S BEST POWER TRANSMISSION COUPLING 
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© EXPERIENCE... 


gained in supplying 
Drop Forgings 
in special creep-resisting 
Alloy Steels 
and ‘Nimonic’ nickel alloys 
for gas turbines 
since the first Whittle engine, 
is at the disposal of 
Gas Turbine designers 
and manufacturers. 


A Main Supplier 

of drop Forgings 

to British and European Manufacturers 
of Aircraft Turbo-Jet 

and Turbo-Prop Engines, 

we are also active in the field of 


INDUSTRIAL GAS TURBINES 


and of 


COMPOUND DIESEL-TURBINE ENGINES 


and 


FREE PISTON-TURBINE ENGINES 





RIRTH-DERTHON 


ay Sec available on een \ SHEFFIELD & DARLEY DALE 


~ 
w 


THE FIRTH-DERIHON STAMPINGS LTD. + SHEFFIELD 


A 16mm Colour Film with sound com- 
mentary, entitled ‘Drop Forgings in 
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DESIGH 
CONSTRUCTION 
PRODUCTION 


mes 


Single cylinder paper machine for manual 
take up, working width 3700 mm, speed 
range 20— 120 m/min. 


Workshop assembly of a Francis spiral 
turbine with vertical shoft for an output 
of 56000 HP 


Gear for a plate rolling mill weighing 
76 tons 





Teletype oF 248 _ Telegremme eddresse: Voithwerk 51. Postion 


FEROX 


Meh’ a -F-1 ¢- 


Cok stale) 


for general 


metal ftinishing— 
| Ha t-leal-1t- 


single-coat 





applications 


The FEROX range of low bake finishes is suitable for a wide 
variety of products including metal cabinets, furniture, metal 
drums and toys. These single-coat finishes may be applied either 
by spray (cold, hot or electrostatic deposition) or dip and, 
where necessary, may be used in conjunction with primers, fillers 
and stoppers, or chemical pre-treatment. Stoving times by Convector 
Oven, are normally 20 — 30 minutes at 230 — 250 F, but when 
using Radiant Heat Ovens, stoving time may be reduced to 44 minutes 
providing a minimum temperature of 250 F is attained, FEROX low 
bake finishes are obtainable in a wide range of colours, in both 
full and semi-gloss. 
The Catalogue of Industrial Finishes, gives detailed information 
Yi regarding paints, enamels, varnishes and finishes for every 
BY APPOINTMENT industrial purpose and, together with the new Industrial Shade 


TO HER MAJESTY THE QUEEN 


manuracturens orraint Card showing the full range of colours, are available free on request. 


THE WALPAMUR COMPANY LIMITED 
DARWEN & LONDON 


Paints, enamels, varnishes, and finishes for every industrial need 


W736 
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another FONADEK societies, 
Sp eteded 


Here is yet another FONADEK development designed to 


increase efficiency within your organisation. Telephone amplificauon combined with 


intercommunication. Here you have the FONADEK, that essential 
complement to the telephone, that time and money saver, with all its 
advantages and more besides. You can still make a telephone call without that 

exasperating business of “holding on” You and others with you can 
still carry carry on a telephone conversation without even touching the 
instrument. But with FONADEK. INTERLINK you have the addi- 
tional advantage of one or more portable intercom units, which can be fitted 
anywhere in your organisation, giving you, at your fingertips, ummediate 
contact with key members of your staff Why not send for details today? Just 
write “FONADEK INTERLINK" on your letterhead and we will do the rest 
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FONADEK (BRANSON) LIMITED 
DEPT «#1 

VIVIAN ROAD, HARBORNE, 
BIRMINGHAM 17 

Telephone HARborne 22678 





BREAKING 
INSTALLATION RECORDS 
WITHOUT BREAKING 

THE FLOOR 


2.0. p.m. Problem. How to get this 50 ton 
press installed and working with the least 
possible production delay. How to hold 

it safe and levelled on an uneven floor 
riddled with pipe lines. Method chosen: 
Barrymount Levelling Machine Mounts, as 


SARA ATT” 
specified by Cementation experts. Time / 
taken :—two hours ten minutes This is how:— ‘ 


3.15 p.m. Press in position. 
A“ Barrymount”’ Machine Mount 
, goes under each corner—bolted 
3.45 p.m. Lev- y through the mounting hole. 
elled. “‘Barry- y There’s no grouting in: no rag 
mount” Machine : i bolting: no floorbreaking to be 
Mounts _incor- : done at all. 
porate their , FS * — 
own levelling device. The / 
bolt is turned down and 
locked at precise levelling— : 
exact to within a thou even % 4.10 p.m. Working 
on sloping or rough floors. No : 
No inexact and time-wasting 
shimming. 

















long expensive 
production delays 
while the concrete 
dries out. Directly 
the press is connected 
to power, it’s ready to work. Its * Barry- 
mount"’ Machine Mounts act as highly 
efficient shock and vibration isolators; 
‘ . * hold it firm and safe without a sign of 
Where did all this happen’ “walking”. 
We've taken a typical problem here ; but it could 
happen in your machine shop. Cases like it crop 
up almost daily, all over the country, and they’re 
all solved the same way. 
** Barrymount *’ Machine Mounts were introduced here from the U.S. three years ago. Since then their use has 
spread to thousands of machine shops throughout Britain. Users report installation times cut from days to minutes ; 
floor space better used ; greater production flexibility and a dramatic decrease in structure-borne vibration and noise. 


It's not uncommon for ** Barrymount *’ machine mounts to pay for themselves at installation in terms of production 
time gained. It’s pretty sure that a pilot set on the next machine you install—or move—could show you similar 
savings, too. If you'd like full technical details, get your secretary to fill in this coupon. 


Modern machine tools belong on 











Cementation (Muffelite) Ltd., 
Mave IN ENGLANO UNDER Licence 20 Albert Embankment, S.E.11. Tel. REL. 6556 


Please send me full details of ** Barrymount’’ Levelling Machine 


Mounts 
FROM BARRY CONTROLS inc. OF U.S: 


LEVELLING MACHINE MOUNTS 


Made in steel and oil resistant neoprene to last the 
life of the machine. Suitable for lathes, grinders, 
presses, shapers of all makes up to 25 tons dead- 
weight. 


NAME . 
POSITION IN COMPANY.... 


COMPANY'S NAME AND ADDRESS 
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SPENCER 
HANDLING PLANT 
SPEEDS THE FLOW 
OF COAL & COKE 


Spencer Handling Plant represents the 
best in design, construction and per- 
formance. Backed by many years’ 
experience in the mechanical handling 
field any Spencer installation can be 
relied upon for many years of unfailing 
service, in cost reduction and increased 
productivity. The two 30 in. troughed 
belt conveyors shown working here are 
in a Gas Works where they handle 
35 tons of quenched coke per hour, at 
a belt speed of 100 ft. per minute. In 
the same plant, coal is handled at the 
rate of 100 tons per hour on a system 
of Spencer Conveyors including the 
one shown below. The 24 in. wide 
troughed belt illustrated runs at 230 
ft. per minute. 

Our unrivalled experience is at your 
disposal. 


SIPEINGER 


HANDLING PLANT 


SPENCER (MELKSHAM) LIMITED 
MELKSHAM ; WILTSHIRE 


Branch Offices 
Ingersoll House, 9 Kingsway, London W.C 2 
Tel : COVent Garden 1800 
34 Castle Street, Liverpool 2 
Tel : Liverpool Central 3738 





Crown Copyright. Reproduced 
by courtesy of Dept. of 
we Engineer-in-Chief of the 
ze Fleet, Admiralty. 
FIRE-RESISTANT HYDRAULIC FLUID 


Satisfies the most exacting demands and combines 
excellent hydraulic efficiency with high safety value. 


It is : Non-corrosive 
Non-foaming 
Non-toxic 
Non-fuming 


The high film strength of Houghto-Safe 271 provides 
the metal surfaces with greater protection for longer 
periods—EXTRA SERVICE LIFE. 

Houghto-Safe 271 has been chosen by the Admiralty 
for the Retraction and Control System of B.S.4 
Steam Catapults installed in Britain’s latest Aircraft 
Carrier—H.M.S. VICTORIOUS 


Houghto-Safe 271 is a product of 


Edgar 


aughan 


£ Co Ltd 


BIRMINGHAM 4 ENGLAND 


Works and depots at Birmingham, 
Manchester, Liverpool, Southall (Middx.), 
Bristol, Glasgow 
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_~ WESTON 
OIL SEALS 


™“... A wide range of types and sizes for every purpose. 
as twenty years’ experience is at your service. 


Write for catalogue a8 
CHARLES WESTON 
& CO. LIMITED \ 


IRWELL BANK WORKS - DOUGLAS GREEN - PENDLETON \, SALFORD 6 


TELEPHONE : PENDLETON 2857-8-9 BIRMINGHAM: ERDINGTON 5459 LONDON’, HOLBORN 0414 
TELEX 66-255 os 2 2B2 
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More accurate 
than human skill 
itself 
SK Hydraulic Control of motion 





Paradoxically, the product of human skill is more accurate than human skill itself. This 
is particularly so in the case of Savery Hydraulic Pumps. Countless thousands of 
Savery Pumps are in use throughout the world working with precision that neither human skill 
nor other means can match. Next time you’re considering contro] of 
motion remember Savery Hydraulic Pumps first. 


Savery Pumps can be supplied with fixed or variable delivery. 


FOR FURTHER DETAILS OF 


SAVERY HYDRAULIC PUMPS 


WRITE TO 


THOMAS SAVERY PUMPS LIMITED 


BRACEBRIDGE STREET + BIRMINGHAM 6 «+ TEL: ASTon Cross 1316-7 
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FARRAR 
BOILERS and 
AIR 
RECEIVERS 


Boilers both Vertical & Horizontal of all types 


including the new Farrapac Packaged Boiler 
A MMI 


Air Receivers and Pressure Vessels up to 


Welded or Rivetted Structural Work, Chimneys, etc., Stockists 


70 YEARS BOILER MAKING EXPERIENCE 
THE FARRAR BOILERWORKS LID. 
NEWARK - NOTTS 











UNIFICATORE 


Lathe accessory outfit for internal 
and external turning 











mPERe 
r eatin TOS Si} 























BREVETTO 


NATIONAL FACTORY FOR TOOLS AND TOOL 


HOLDERS FOR INTERNAL AND EXTERNAL TURNING 
[ Patented Designs 


Graduated Bars in Specially Treated Steel 
INTERNAZIONALE 


PIACENZA - VIA RIGLIO, 12 - TEL. 29-98-CC POST 25-1912 
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S ROCLO PRESENT THEIR RANGE OF 
e 


HORIZONTAL BORING MACHINES 


Horizontol Boring Machine Type AL 76 
Spindle dia 3 

18 Spindle speeds from 8.5 to 1500 rpm 
Table dimensions 36” x 48" 

Cross traverse 43” or 80" 

Net weight 6.7 tons 


Horizontal Boring Machine Type AL 55 
Spindle dia 2 a 

1B Spindle speeds 

Table dimens 

Cross traverse 


Net weight 


Horizental Boring Mechine Type AL 92 
Spindle dia 
16 Spindle speeds from 


; 
d j 
—< 


Table dimensic 


——— ss 
i 

~ il 

g 


a 


INDIVIDUAL CATALOGUES gE AVAILABLE IN WHICH 
ARE DESCRIBED IN DETAIL PLE - APPLY FOR CATALOGUE‘ 


S: ROO vi. wonteio 7- monze 
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FOUR-ROLL PLATE BENDING MACHINE 
Model 120 Clq. 


MARIANI 


@ Press Brakes up to a 
pressure of 600 tons. 


@ Guillotine Shears up toa 
length of approx. 13 ft. 


@ Alligator and circular shears. 


@ Complete slitting lines 
for coiled sheet. 


@ Complete lines for straightening 
and cropping. 


@ Multi-roll straightening machines. 


@ Three-and four-roll bending 
machines. 


@ Section bending rolls. 
@ Multi-head profiling machines. 


@ Flying Shears for sections. 


BRAKE PRESS Mod. 146 PLUS 
Pressure 400 tons—Length approx. 13 ft. 


GUILLOTINE SHEARS Mod. 145 CIN 
4050 X 10 mm. 


OFFICINE MECCANICHE 

ROMILDO MARIANI 

Works : SEREGNO (Milan) ITALY 

Commercial Offices: MILANO—Via Mercadante 17 
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/ERTICAL The miller that “ stays ,, on the floor end 
eliminates knee vibration 


AILLING Hydreulic copying ettechment 
AACHINE 


FVM .5S 


Sole agent: 


{yril Adams & Company (Special Projects) Ltd. 
70-74 City Road 
beri, E. Cc. 1 

















Table . ‘ : ; 98%" x 20° 
Spindle 5 : , : ‘ ASME 2%" 
Power required . ‘ ‘ HP 38 
Weight : . ; ‘ lbs 18430 








MACHINE TOOL BUILDERS MINCANTI 


EXPORT OFFICE 
MILANO (italy) - Piazzale P.ssa Clotilde & - Phone 637-193 


. 
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COMPLETE 
RANGE OF 
BENCH, PILLAR, 
AND AUTOMATIC 
DRILLING 
MACHINES 


From 6 to 50 mm 
capacity. 


Multiple drilling heads 
with fixed, variable and 
in-line arrangement. 


SPECIAL MULTIPLE 
DRILLING HEADS 
TO CUSTOMERS’ 
DESIGNS. 


Fabbrica Italiana Trapani 


IDEAL MILAN O-italy 
Piazzale PASOLINI, n.2 - Tel. 694.273 





BERGONZI 


RADIAL & VERTICAL DRILLING MACHINES 


Officine Meccaniche ““ANGELO BERGONZI” 
PAVIA -ITALY 


Works & Head Offices: 
Via ACQUANEGRA 41-43. Tel. 23-684 





\) 


\ 
,) 
q 


~ » 


RATCLIFFE (ROCHDALE) LIMITED. 
CRAWFORD SPRING WORKS * NORMAN ROAD + ROCHDALE 





Cw 5152 
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MOTOR STARTER WITH ELECTRO-MAGNETIC 


OVERCURRENT RELEASES 


i 


TICINO 


WARRANTED 
ELECTRICAL 
SWITCHES 





SUITABLE FOR MOTORS UP TO 
15 HP AND WITH FULL LOAD 
CURRENTS AS LOW AS 0,65 A. 


FOR FURTHER INFORMATION ON OUR 
WIDE MANUFACTURING PROGRAMME 
APPLY TO: 


spa BASSANI 


MILANO Corso di P. Vittoria, 9 


UFFICIO PUBBUCITA TICINO fJerTina s 
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ALL-GEARED 

PRECISION 

HORIZONTAL LATHE 
MOD. B 150/M 


Height of centres—I50 mm 

Distance between centres— 
800-1000 mm 

With or without Norton 
Gear box 

8 speeds — 35/1200 rpm 





Mod. BSV 150/M 
High-Speed Type 
16 Speeds—30/2000 rpm 


DITTA LODOVICO BOLTRI di U. GANNA & C.—VIA GENERALE G. FARA, 7 
MILANO (ITALY) 





Injection Moulding Machines 
Self Contained - Automatic 
Extruoders and Equipments 


OFFICINE MECCANICHE 


NEGRI BOSSI & C. so. 


MILANO ~- Via Bazzini, 24 


OUR NB 30 RECORD! a ree 
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SEPTEMBER, 


Work Driver 


“ARTIGLIO” 0O.M.Z. 


PAT. No. 553193 


1958 


eliminates 


allows 


ensures 


O.M.Z. 


COLLIO V.T. - BRESCIA, 
ist E.1.M.U. - MILANO. HALL 5, STAND 5116 
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the drawbacks of lathe 
dogs, inasmuch as it makes 
it possible to turn work 
pieces along their entire 
length. 


replacement of workpiece 
while the machine § is 
in operation 


a perfect drive and perfect 
centering even if the face 
of workpiece is not per 
pendicular to the axis 
of rotation, as its driving 
teeth are independent and 
the centre automatically 
adjusts itself 


ITALY 





= 
INNOCENTI Stretch 


fo tmp tot en 


> 
: 
« 
s 
z 
s 
z 
3 
3 


Using stretch re- 
ducing mill it is possi- 
ble to produce the 
whole commercial 
standard oftubes 
from 3 8”. Feeding into 
the mill welded or 
seamless, jarge dia- 
meter or high thick- 


ness tubes, the pro- 
duction average of 
your plant can be 
doubled. 





«ducing mills 

















A FOUR YEAR RUN... 


\ 


CEE 


Photograph by courtesy of Celotex Lid 


This drying conveyor illustrates one of the many applications of 
MORGANITE CARBON BEARINGS where carbon is the most 
suitable material. Thousands of tons of Wallboard pass over these 
rollers every year—4,000 MORGANITE CARBON BEARINGS 
undergo severe duty to make this possible—each carries a load 
of about 30 pounds and is subjected to temperatures up to 650° F 
in a very dry and dusty atmosphere. In spite of these arduous 
conditions replacement is only necessary after 4 years. 
MORGANITE CARBON BEARINGS solved the problem for 
CELOTEX—perhaps they will solve your’s today. Please write 
or ‘phone for leaflet SD.63, or ask for one of our Technical 
Advisers to call. 


MORGANITE CARBON BEARINGS withstand high 
temperatures; will run in liquids; resist chemical atmospheres 
and corrosive conditions; need no lubrication; are useful for 
inaccessible positions; are non-contaminating and eliminate 
maintenance. 





MIO Osis BEARINGS 








THE MORGAN CRUCIBLE COMPANY LIMITED, BATTERSEA CHURCH ROAD, LONDON, S.W.11. 
Telephone: BATtersea 8822 


C64a 
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2... it’s standard size but 


completely inaccessible 


Obviously a case for an oil-retaining bearing — that will 
cut out lubrication and maintenance. 

With these oil-impregnated sintered-metal bearings the 
oil is fed to the surface by capillary action so that you 

get controlled, trouble-free lubrication — automatically. 


aes you should 


specity “yowo 


Sintered-Metal 0/4 RETAINING BEARINGS 


There are a variety of shapes and many sizes of 
*“RESERVOIL” bearings for every normal medium 
duty, but particular attention is drawn to the large 
range of plain cylindrical bearings to B.S.1. standard 
dimensions. Most sizes are held in stock. 


Please write or *phone for Technical Brochure SD.A0 or Catalogue of sizes SD.58 


The Morgan Crucible Co. Ltd. Wandsworth Works, Point Pleasant, 


London, $.W.18 
Telephone: VANdyke 6422 
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...in the design, 
manufacture and 


industrial application of 


Hydraulic Variable Speed on 


—i ee eis 


Compact, efficient, economical hydraulic drives capable of 

giving a stepless speed variation from input speed down to 

O-25h u zero r.p.m. with sensitive accurate control by Handwheel, 
op- Pp Remote Electrical or Lever arrangements. 

Carter Gears may be used to pick up loads from zero r.p.m. 


pd J : 
to 25 h -p- and the speed control setting may be adjusted with the drive 
running or stationary. 


Write for current BRADFORD 3 
technical publications YORKSHIRE 
quoting No. 658 ENGLAND 


‘phone: Bradford 64378 (3 lines) 
‘grams: ‘Became’ Bradford Telex. 
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AIR EJECTION 
gears your 


production to 
machine speed 


Compressed air scientifically applied 
to many production problems produces 
speedier operation and work removal. 
Schrader Air Ejection Sets are 
designed to do just that. When fitted to a 
press or other machine the controlled 
air blast is synchronized to cvcrate at 
machine speed, increasing the out 
reducing operatcr favigue. 
- circuit times tl 
Iso its Operation 
machine cycie. May 


ejection will help 
This Air Ejection Set installation shows cam 
operation off the press crankshaft. It will 
provide an air blast timed for a fraction of 


gear your production to machine speed? 


a second, or longer, at any desired point in 
the press cycle. If required the air blast can 
be continued after press motion has ceased. 


To: A. SCHRADER’'S SON, Air Control! Products Dept. ED 
829 TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 


Please send details of Schrader Ejection Sets 
and Air Control Equipment 


NAME 


ADDRESS 
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read what customers say 


of accuracy and super-frmish 
obtained with KEIGHLEY grinding machines 





ment 

















MODEL KL a  ay 
4x18 HIGH PRECISION 
CYLINDRICAL GRINDER svaabi with sll containes itera 


grinding attachment and “TRUMATIC ’ wheel wear 
and size compensator. is one of a range of 

superior quality grinding machines 

manulactured by 


KEIGHLEY GRINDERS (MACHINE TOOLS) LTO 












full details on request to 


NEWALL GROUP SALES LIMITED 


PETERBOROUGH PHONE 3227-8-9 KEIGHLEY PHONE 4294 





cen under a microscope. BRYM 


stee! ( 4) thows a greater ares 


Disarray than do many of 


GRAIN CONTROL 


BRYMILL Laboratories will be happy te 


advise on the grades of stee! most 


suited to your particular need 











BRYMILL STEEL WORKS 


- 
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(Photograph by kind permission of Leyland Motors Ltd.) 


Neven hones are used by the leading 


engineering firms. The illustration shows our hones 


A44 


in use at Leyland Motors Limited 


IMPREGNATED 
DIAMOND PRODUCTS 
LIMITED 


OF GLOUCESTER 


TELEPHONE 21164 (3 LINES) 
TELEGRAMS IMPREG GLOUCESTER 


a 
Neven Diamond Tools Cut, Drill and Grind the Hardest Materials 
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Wherever lightness 








It 








and strength 














are required— 
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Teese Or SHEETS 


7 
A 


Wi 
Y 
Weldmesh is a registered trade name and is supplied direct to users by the sole monufocturers 


THE B.R.C. ENGINEERING CO. LTD., STAFFORD 


.ondon, Birmingham, Bristol, Leeds, Leicester, Liverpool, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfast, 
3ulawayo, Calcutta, Johannesburg, Singapore, Vancouver. Export Sales: 54 Grosvenor Street, London W.1 








Cut it to the shape you want—it holds together because 
it’s welded together. In the Weldmesh list of standard sizes 
you will find a mesh size and wire gauge to suit every purpose. 








\ 











A technical service is available to handle any problems. 














a. 





“wen 
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Don’t take risks... 


When it comes to Gear and Transmission problems you 
cannot afford to adopt the “ William Tell” hit or miss 
method. In this day and age it pays to call in P. R. Motors, 
recognised the world over for Accuracy, Precision and 
Ability to deal efficiently with difficult projects. 


Apart from special objectives, there is always the standard 
range of Automotive and Industrial Gear Boxes. 


THE GEAR SPECIALISTS 


Cut, ground or shaved Spur and Helical Gears. Ground 
Worms and Splines — Bevels — Reduction Units — Gear 
boxes for all Trades. AJ.D. Approved 


P. R. MOTORS LTD - ALDBOURNE ROAD - COVENTRY 


Telephone : 22266/7 
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Telegrams : Supagears, Coventry 
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SOLID & FLEXIBLE 
ROLLER BEARINGS 


Full range of Solid and WPlexible 


Roller Bearings available from 10 mm, 

POLLARD to 350 mm. shaft diameter Ask for 
catalogue RFX 

High capacity Max-Load Roller 


Bearings in a very wide range also 


% available. Ask for catalogue MAX 
All interchangeable with and equiva 
lent to bearings of American type and 


manufacture 


FERRYBRIDGE, KNOTTINGLEY, YORKS. Tel: Koottingley 
London Office : 44 Hertford Street, London, W.1 Tel: Legat 
MHLARD BEARINGS (OM THAMEFT eee ® bar wream ‘ 


CANADIAN POLLARD BEARINGS ; at i war T« 


‘G 
.) 
% 


. 
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An announcement to those concerned with 
corrosion of metal surfaces 


In 1929 the National Physical Laboratory established that Lanolin was by far the best natural film- 
forming anti-corrosive available. At that time Croda had been manufacturing Lanolin for four years 
and was already producing Rust Preventive Oils based on Lanolin. 


Since then enormous advances have been made both in the consumption of anti-corrosives and in the 
variety and complexity of these products. The research and development conducted by Croda has con- 
tributed considerably to this progress. 


The list of Rust Preventive Oils and Coatings and allied preparations produced by Croda’s Organic 
Finishes Division is so large that we propose only to list headings and groups of products : 


Anti-corrosive paints 
Anti-freeze solutions 
Bituminous solutions 
Brake fluids 
Corrosion inhibitors 
Chrome protectives 
Cutting oils 

Coolant soluble oils 
Carton waxes 
Drawing oils 
De-watering oils 
De-icing fluids 
De-greasing fluids 
Emulsion degreasers 
Fingerprint removers 


Greases, special 

Grease paints 

Lanolin solutions 

Metal marking inks 
Penetrating oils 

Plastic coatings 
Paint-tolerant rust preventives 
Rust removers 

Rust preventives, oily 

Rust preventives, grease 
Rust preventives, hard film 
Sheet-steel coating oils 
Soldering flux 

Wash primers 

Weld marking inks 





In addition to this large standard range, the skilled staff of our laboratories is always ready to 
create new preparations for individual requirements. 


Fourteen area representatives and four sales offices in the U.K. are at your service. In the inter- 
national sphere, our associate companies in U.S.A. and Italy and our offices and agents else- 
where, ensure rapid delivery to anywhere in the world. 


The Groda Organisation 


HEAD OFFICE: Croda Ltd., Cowick Hall, Snaith, Goole, Yorkshire, England Tel : Snaith 277 
LONDON OFFICE : Croda Ltd., Grand Buildings, Trafalgar Square, London, W.C.2 Tel : Whitehall 4275 
BIRMINGHAM : L. G. Warren, Local Director, 22 Alderbrook Road, Solihull, Warwickshire. Tel : Solihull 1976 
MANCHESTER : T. C. Jackson, Local Director, Croda Ltd., 74 Corporation Street, Manchester 4 Tel : Blackfriars 8015 
BRADFORD : Croda Ltd., Central Chambers, 2 Cheapside, Bradford Tel : Bradford 22719 
UNITED STATES: Croda Inc., 15 E. 26th Street, New York, N.Y., U.S.A. Tel : Mu 3-3089 
ITALY : Croda Italiana S.r.L., via Lomellina n. 5, MORTARA (Pavia), Italy. Tel : Mortara 4 


CRODA OFFICES AND AGENTS INALL PRINCIPALCITIES IN THE WORLD 
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lubrication 








lybdenum disulphide 





General purpose lubricants. 
Molybdenised Greases. 
Molybdenised Lubricating oils. 
Molybdenised Fluids. 
Molybdenised Varnishes. 
Molysils. 

Molybdenised Diesters. 
Molycue. 

Moly Block Greases. 

Moly Spring Lubricant 204G. 


Geaq m0 


Hoco 


FIRST AND BEST IN MOLYBDENISED LUBRICATION 


Write for FREE BOOK on Molybdenum Disulphide Lubrication to 

















ROCOL LTD., Ibex House, Minories, London, E.C.3. Tel.: ROYal 4372. E 
Rocol House, Swillington, Nr. Leeds. Tel.: Garfotth 2261/2. 


: 


ndh 3344/8 
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Have Ransome and Marles been associated with any of 


the big developments in British industry ? 


We don’t hit the headlines — but we often help to make 
headline news possible. Since the war we have carried 
out research into design, materials, lubrication and 
production for a number of important projects. One of 
these is nuclear power generation. From 

the early days of Calder Hall 

our technicians have been 

tackling fresh problems as 

new and more powerful 


reactors are designed 


Are there any other 


> 


interesting projects 


RANSOME & MARLES BEARING CO LTD 


TELEPHONE 
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Yes, several. Britain has been achieving a world-wide 
success with her aircraft engines. Two notable users of 
RAM Bearings are Armstrong - Siddeley Motors and 
Bristol Aero Engines. The Proteus engines of the latest 


Bristol Britannia are of course fitted with RAM Bearings 


Then again “automation” is a popular word these days 
We at Ram are becoming increasingly “automatic” in 
many of our processes in shops and offices. We also 
supply the bearings for the latest electronic machines 
Our customers include Powers Samas, Elhott Brothers 
IBM and British Tabulating Machine 


Pe, 
just another cxample of the rok lv fe 
f 


played by RAM in all fields of Casa? 


industrial development 


* NEWARK-ON-TRENT * ENGLAND 


NEWARK 456 AND TELEX 37.306 





BECAUSE of its high chromium and carbon 
content, 476 Steel resists wear and is specially 
suited for exacting punching and forming oper- 
ations on abrasive materials. It has also consider- 
able toughness, the tool edges standing up to 
shock applications, such as heavy punching and 
shearing. The photographs illustrate two con- 
trasting applications. (Top) Three stage press 
tool for punching and forming clamping washers 
from brass strip (courtesy, Clarke Chapman & 
Co. Ltd.). (Bottom) Heavy press tool for blanking 
hoist bracket in } in. thick mild steel (courtesy, 


Stothert & Pitt Ltd.). 476 is air hardening and 


machinable in the annealed condition. Applica- 
tions include blanking dies and punches for sheet 
brass, copper, zinc, high silicon transformer steels 
and hard abrasive materials generally ; blanking 
tools for steel sheet and plate ; blades for flying 
strip shears and plate shears ; deep drawing dies, 
cupping dies, forming dies ; sheet metal forming 
rolls ; circular cutters for strip ; trimmer dies, 
thread rolling dies ; gauges and other precision 
tools ; taps, staybolt taps ; brick mould liners ; 
master hobs for cold hobbing plastic moulds ; 


cut moulds for plastics. 





SANDERSON’S| 





SANDERSON BROTHERS AND NEWBOULD LIMITED 


Attercliffe Steelworks, P.O. Box 6, Newhall Road, Sheffield 9 


ESTABLISHED 1776 
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No two applications of Induction 
Heating are quite the same. That is 

why we offer to demonstrate your job 
being done on our premises before you 
buy Delapena equipment. This is the 
work of our unique Applications Depart- 
ment, which can demonstrate many advan- 
tages of Induction Heating. For example: 


’ : 7 it 1s Not always evident to anyone 

: ra-rapid an i ocalise \ ‘ but an Induction Heating specialist 
HARDENING: Ultra-rapid and highly localised 

heating eliminates distortion, cuts rejects, rarntheaiie beicrenpreethasnernnrcantion 

minimises scaling and resultant machining. 


appropriate in a partic ular instance 
Please ask our advice. If induction 
Heating +s the answer to your 
problems, we will tell you-end 
BRAZING & SOLDERING: Speedy operation; clean, prove it to you first 

100% joints; consistency of performance; close 

control over quantities of the soldering medium; 

easy operation by unskilled personnel—these are just 

a few of the major advantages which Induction Heating 

can offer in repeat brazing and soldering work. 


precision induction heating equipment 
valve generator, motor generator 


and vacuum melting equipments 





Please send further details and literature on Inductor 


We shall be 
delighted 
to PROVE 
it to you 


Delapena & Son., Ltd. Zona Works Cheltenham: England Tel: Cheltenham 96341 
Manufacturers of Induction Heating and Precision Honing Equipment 








. 
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A shot every moment 

—cast well and true, 

with production improvement 
means business for you 


MODEL 215E 





ELEPHONE CARLISLE 2! 4\8 


T 


Mf, [son 
tf, Wa" 
" you hard 


GINEERING DIVISION 
DURRANHILL ROAD 


CARLISLE 


ha 











— signifying ... < 
LIFETIME QUALITY DIECASTINGS...and... 





MODEL 4 


MODEL 450 
PRODUCTION’S MUCH FASTER WITH A COULTHARD-KIPPCASTER. 
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SEPTEMBER, 1958 Volume 19, No. 9 





Twenty years ago the need arose to build a port 
installation on Thailand’s main river, the Menam 
Chao Phya, as close as possible to the capital 
Bangkok, to provide berthing, warehouses and 
wharfeside cranes. The initial stage was completed 
before the war and finality will soon be reached. 
The nature of the river prevented siting the port 
in the heart of the city ; Bangkok’s own electricity 
needs were rising rapidly ; incoming equipment, 
interrupted by the war, placed higher demands on 
the port. For all these reasons it was decided that 


GoUe, 


diesel power for 
THAILAND 


the port should have its own diesel power station. 
Five years ago, Mirrlees/Brush equipment won a 
contract for generating sets to meet the present 
demands and three Mirrlees K6 engines were 
supplied, running at 428 rpm, driving Brush 575 
kW alternators. 

These sets with their associated 3.5KV Brush 
switchgear transformers and auxiliaries are now 
Operating in a very attractive 2 storey power 
station, having provision for 2 further sets, on 
what is virtually a swamp, on concrete foundations 
each supported by fifteen 36 cms. (14 in.) dia. piles 
16 m. (§2 feet 6 in.) long both vertical and raked. 


MIRRLEES, BICKERTON AND DAY LIMITED 


A Member of the HAWKER SIDDELEY Group 


HAZEL 
diesels 


GROVE 
Telephone: Stepping Hill 3841 (14 lines) Telegrams: ‘ Mirrlees Telex, Manchester’ 


STOCKPORT CHESHIRE 
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DIESEL LOCOMOTIVE 
COOLING EQUIPMENT 


Sectional Radiators 

Charge Air Coolers 

Lubricating and Transmission 
Oil Coolers 


‘:RCK RADIATORS LTD. 


EPTEMBER, 1958 


SERCK TUBES LTD. 


Birmingham I1 
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Revolutions per minute or revolutions as 
annum? There you have the vital difference, 
between osdinary electric’ TPE / and 
those made by EPE. Thousands Of EPE 
electric motors are running at the Pa of 
Over 1000,000, ,090 revs. a year—unfailingly 
—year in, year out! Unusual ? Not a bit. 
EPE electric motor users take this sort ‘of / 
service for granted. Ne xt time you re 
buying electric motors reme ‘mber it pays 
to specify E :PE—to be sure: 


BESEPRICAL FOWER ERGINSERINS: 0. Ad HAM) LTD. 


Phone: STEchf 


LONDON OFFICE 421 GRAND BUILDINGS, TRAFALGAR SQ., LONDON, W.C.2. 


Phone. Whitehall 5643 & 7963 





HOE SWITCHGEAR 


_2- 4 
b 7 Pe hd 
itt ‘ ‘0 a 


A a ~~ 


© INDUSTRIAL TYPE DISTRIBUTION GEAR 
Teo 200 amps 3. 3kV and 800 amps 600 volts 


@ HORIZONTAL DRAW-OUT TRUCK SWITCHGEAR 
To 800 amps 150 MVA I1kV and 4500 amps L.T. 


€) SECTIONALISED 
SWITCHGEAR 
For L.T. distribution 


©) CONTACTOR GEAR 
AC AND DC 
25/1@0@ amp capacities 
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A new way with Hollow Blades 


Wilmot Breeden, interested in the manipulation of metal in the cold state, have developed in 
co-operation with famous jet engine firms a new process for the manufacture of inlet guide vanes 
and stator blades. These envelopes are now formed in nickel-chrome alloys in a succession 
of press operations from a flat blank, the trailing edge being brazed—in a controlled 
protective atmosphere—to extremely close tolerances, leaving a minimum of material t 
removed and eliminating any risk of weakening the joint 

The inlet guide vanes and stator blades determine the direction of flow of the air ent« 


f+) 


passing through the compressor to the combustion chambers. Accuracy of the e 


it 


particularly so at the trailing edge. The vane is anti-iced by passing hot air through | 

This air is distributed by means of one or more perforated ducts, which may form strengthening 

members, positioned within the envelope. The benefits of this process are: minimum weight 

given envelope size, full response to aerofoil requirements, maximum heat tran 

uniform wall thickness, ease of accommodating end fixings of widely differ 
The illustration shows an inlet guide vane for a Sapphi 

of this blade are of stainless steel as are the spherical end 

Both end fizings are machined and ground to close tolerar 

by induction heating. 


If you have an application for this new method we should be pleas« 


Vilmot Breeden are skilled in metal manipulation 


wu Broaden LA 
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Cutting 22" steel with 
’ / 
\ / 


\ 
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shows machine cutting of a 22” diameter steel shaft. The fuel gas— 


for cutting, heating, brazing and metal spraying 
and has been proved in industry for many years. We give daily deliveries of 
SUPER-PYROGAS, with its patented chemical Gases, supply equipment, 
additive, has a higher flame intensity than Pyro- and provide a prompt 


: repair service fromall 
gas and is used particularly for machine cutting. our branches. 


SATURN INDUSTRIAL GASES LTD 


Group Head Office: Gordon Road, Southall, Middiesex. 
Branches: Birmingham, Glasgow, Lymington, Manchester, 
Sheffield, Sunderiand, Thornaby-on-Tees. 
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C.E.G.B. Berkeley Nuclear Power Station, being built by 
A.E.1.-John Thompson Nuclear Energy Company Ltd. 


HEAT EXCHANGERS, BERKELEY 


The sixteen large heat exchanger (or ‘boiler’) vessels for Berkeley Nuclear Power 
Station are now being erected on site by John Thompson. 


- 


The vessels, 70 ft. long, 17 ft. 6 in. in diameter and weighing 133 tons, are transported 
on two bogies from the Berkeley site boiler shop, where fabrication is completed, 
to their positions adjoining the reactor houses. 

Manufacture and installation of these heat-exchanger vessels by John Thompson 
is so arranged to eliminate the transportation of excessive loads from the works at 
Wolverhampton and yet to reduce to a minimum the amount of work to be done on 
site. This is achieved by manufacture of the vessel in sections at the home works and 
then welding-up the sections to form complete vessels in a site boilershop specially 
erected at Berkeley. The site boilershop accommodates four vessels at a time. 


JOHN THOMPSON LIMITED WOLVERHAMPTON 
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@ SOLID-STATE SWITCHING 
DEVICE 
A new solid-state switching 
device adapts the principles of an 
electrolytic condenser by control- 
ling the dielectric breakdown of 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





an aluminium oxide film de- 
posited on aluminium foil. The new device has 
the properties of a capacitor with a breakdown 
voltage of approximately 14 V, a capacitance of 
0-0005 microfarad, and a leakage resistance in 
the kilornegohm range, while its resistance at 
the critical voltage drops to about | ohm. The 
energy transformation is large and, for voltages 
which are higher than the critical voltage, the 
switch units can be stacked. It is reported that 
switches of this kind with }-in. diameter elec- 
trodes have a capacitance of about 0-002 micro- 
farad and a dissipation factor of | to 2%, while 
those with }-in. diameter electrodes have a 
capacitance of 0-0005 microfarad. The average 
breakdown voltage at —60°C is about 14% 
higher than at room temperature, and about 
16% lower at about 100°C. Breakdown voltage 
has been found to be practically independent of 
the rise time of the breakdown pulse for periods 
longer than about 10 millisec. Breakdown vol- 
tages measured with pulses of | to 5 microsec 
are about 80% higher than those observed with 
pulses which are longer by at least four orders 
of magnitude. In shock tests, the switch has 
withstood successfully accelerations of more 
than 7000 g. In radiation tests, a gamma dosage 
of 6 x 16* roentgens and a neutron dosage of 
1-6 x 10%% neutrons/cm? (fission spectrum) have 
exercised no effect on the breakdown properties 
of the switch, which is rugged, contains no 
moving parts, is inexpensive, and is of small 
dimensions. It is considered that its use should 
reduce overall volume, as well as power, re- 
quirements. 


@ SUPERCONDUCTING CONNECTIONS 

FOR CRYOGENIC CIRCUITS 

Superconducting connections, with zero re- 
sistance, are required in cryogenic circuits. A 
superconductor can be driven into the normal 
state when the magnetic field of the current 
passing through it exceeds the critical magnetic 
field of the metal, and a wire will lose its super- 
conducting properties if it is connected to a film 
at only one small point. The usual methods of 
making superconducting electrical connections 
are not satisfactory when the gate of a cryotron 
is a film of tin on insulated wire, as flux, heat, or 
chemical action will destroy the film. It has now 
been found, however, that satisfactory connec- 
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tions can be made with lead powder of the finest 
commercial particle size, compressed in a cavity 
in which the film, on its wire base, is inserted. 
External leads are usually solder-coated copper 
wires. In one such method the cavity is filled by 
heaping with lead powder, which is then com- 
pressed with a hand crimper until the lead 
appears solid, providing a continuous super- 
conducting path between the solder-coated wire 
and the wire bearing the film. A second method 
reduces the strain on the film by supporting the 
wire on a plastic base which remains perma- 
nently attached. Powdered lead is put into cavi- 
ties at the ends of the base, and the wire bearing 
the film is inserted through slots, external leads 
being inserted into holes in the front of the base, 
and a punch operating at a pressure of 5000 psi 
being used to compress the lead powder. Flexing 
the base wire can cause the film to fracture. This 
is a disadvantage with the first method, but not 
so much with the second. The critical current 
of an assembly is the current which causes a 
voltage to disappear across the specimen. In 
order to test connections, current and voltage 
leads are attached to the external leads, a volt- 
meter of 10 microvolts full-scale deflection being 
used to determine the appearance of voltage 
across the sample. This lead-powder technique 
provides critical currents as high as | A with 
films of soft metals such as lead and tin 


@ HIGH-TEMPERATURE STRAIN-GAUGES 


In determining the suitability of structural 
materials for many high-temperature applica- 
tions, there is a definite requirement for strain- 
gauges capable of operation at clevated tempera- 
tures. In this connection, it is reported that a 
strain-gauge giving usable static-strain data at 
temperatures up to 800°F has now been deve- 
loped. The new gauge consists of two straight 
wires, 0-001 in. in diameter and j in. in length, 
welded to narrow strips of Inconel foil, 0-002 in 
in thickness. These strips, which form the leads 
and shunt at the bottom of the gauge, are 
crimped to a backing of asbestos paper pre- 
viously coated with a thin layer of ceramic 
cement. In use, the gauge is cemented to the 
surface of the test structure with the same 
ceramic cement, no precoating of the test sur- 
face being necessary. As the wet cement docs 
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not completely flow out from under the Inconel 
strips when the gauge is pressed into position, 
there is no electrical short-circuiting to earth. 
Measurements have shown that the filament 
wires are from 0-001 to 0-002 in. from the test 
surface after the gauge has been applied. One 
advantage of the device appears to be that it is 
completely prefabricated and can therefore be 
attached to many recessed areas of the test 
structure. To extend the upper range of tem- 
perature, an investigation is being made of 
cements which show higher electrical resistivity 
at elevated temperatures, and a cement has 
recently been developed which has improved 
properties in the range from 1400 to 1800°F. 
Ceramic coating of the filament is also being 
investigated, both for improving the resistance 
stability of the wire and for assisting the cements 
to prevent electrical leakage to earth. 


@ NEW HARDENABLE TITANIUM ALLOY 


A new titanium alloy, available as sheet or 
wire, can be formed in the ductile annealed 
condition and then hardened by simple ageing 
treatment. Like certain aluminium alloys, stain- 
less steels, and beryllium-copper alloys, the new 
alloy is precipitation-hardening, and the final 
combination of strength and ductility is stated 
to be controllable over a wide range by suitable 
choice of heat-treating temperature and time. 
Containing 13°% vanadium, 11° chromium, 
and 3% aluminium, the alloy, in its formable 
annealed condition, has a yield strength between 
120,000 and 135,000 psi, with elongations 
between 10 and 15%. In the form of rods, it 
can be cold-headed for rivets, and parts can be 
brazed or welded. The bend-radius at room 
temperature can be as low as three times the 
thickness, and only twice the thickness at 
temperatures between 200 and 300°F. Hardening 
is effected by a simple single-temperature heat 
treatment at from 850 to 900°F in air for from 
50 to 100 hr, the heat treatment required to 
produce the highest strength (240,000 psi, with 
an elongation of 2%) being 72 hr at 900°F. 
Dual-temperature heat treatments are now in 
course of development and indicate that these 
times will be greatly reduced. Hardening time 
is only moderately affected by the amount of 
cold work induced during forming. Hardening 
proceeds at a varying rate, response (as measured 
by tensile strength) being slow at first, then 
increasing fairly rapidly with increasing time, 
and finally slowing down well before reaching a 
maximum. Considerable additional time may 
bring some loss in strength. The time required 
for reaching the first maximum is not critical, 
and may vary by 10% or more with little effect. 
Higher hardening temperatures are stated to 
yield higher strengths, with shortened heat- 
treating time, as is characteristic of other pre- 
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cipitation-hardening alloys. Also, ductility is 
less with heat treatments giving higher strength 
Ar important advantage of the new alloy is its 
ability to take cold-heading in the soft state and 
then undergo hardening, thereby making it 
possible to cold-forge rivets and bolt heads with 
a large saving in material and machining time 


@ HIGH-TEMPERATURE OSCILLATING-CUP 

VISCOMETER 

An oscillating-cup type of viscometer is being 
developed for measuring the viscosity of liquid 
inorganic oxides at temperatures up to 2000°C 
or higher, and the feasibility of using this 
method for measurements in the anticipated 
viscosity range is said to have been demons- 
trated with a prototype model. Values of the 
viscosity of a liquid and its rate of change with 
temperature find immediate application § in 
fundamental research on molecular structure, 
and are also of direct use in many technological 
problems, such as the calculation of forces re- 
quired for the mechanical transport of a liquid 
However, before such data can be obtained for 
temperatures above 1500°C, the problems con- 
fronting nearly all high-temperature measure- 
ments must be effectively met, among the more 
serious being those of corrosion and vaporiza- 
tion. Both these factors produce changes not 
only in the mass and geometry of the sample, 
but possibly in its composition as well, while 
stray vapours can react harmfully with critical 
parts of the apparatus. Also, for greater dimen- 
sional stability and reproducibility, it 1s desirable 
that the instrument be of simple shape and con- 
struction. The oscillating-cup method fulfils 
these requirements. The sample liquid is en- 
closed in a cup which is suspended from a wire 
to form a torsion pendulum ; when torsional 
vibrations are initiated, the presence of the 
liquid causes them to be damped. As the amount 
of damping depends on viscosity, the latter can 
be calculated from the observed rate at which 
the vibrations decay. In the viscometer under 
development, high temperatures will be pro- 
duced by induction heating. The cup will be 
affixed to a rigid rod, which will be suspended 
from a torsion wire, on which the rod and the 
cup oscillate as a unit. 


@ DETECTION OF OPEN FUSES BY 

MAGNETIC AMPLIFIERS 

Circuit protection in digital computing sy 
stems is of great importance, as undetected loss 
of a voltage may cause extensive damage to cir- 
cuit components. The most common methods 
of circuit protection in complex digital com. 
puters are indicator or signalling fuses, reset 
table indicating fuses, and circuit-breakers, the 
latter, however, being relatively expensive and 
seldom rated for high d.c. voltage. Fuses protect 
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the circuits, but occasionally fail as indicators, 
possibly resulting in considerable outage time in 
a large computing system. A recent report 
points out that circuit protection at the load 
centres of a computer system can be accom- 
plished by sensing devices which determine if any 
fuses are open, in which case the d.c. voltages 
to the part affected are turned off. In the new 
system, the sensing of open fuses is accomplished 
by placing one of the control windings of a 
series-connected magnetic amplifier across each 
fuse, with an appropriate current-limiting resis- 
tor in series with each winding. If a fuse opens, 
the voltage drop across the fuse forces current 
through the control winding, causing the mag- 
netic amplifier to saturate. With the magnetic 
amplifier saturated, a voltage is applied across a 
bridge, the output from which operates a relay 
which opens the relays and contactors switching 
the d.c. power to the affected piece of equipment. 
Since speed and size are important, the magnetic 
amplifier used was made to operate at a fre- 
quency of 400 cps. Although a self-saturating 
type of magnetic amplifier would make the unit 
more sensitive, it would also be sensitive to the 
direction of the control current, which in many 
cases would be unpredictable. The actual opera- 
tion of this detection system is claimed to have 
disclosed several useful and unforeseen features. 
Thus, on several occasions the magnetic ampli- 
fier sensed an overload and turned the d.c. 
voltages off before the fuse could actually clear 
the condition. 


@ IMPROVED HYDRODYNAMIC CLUTCH AND 

SEPARATOR-CLUTCH COMBINATION 

With conventional combinations of a speed- 
dependent clutch with a separator clutch auto- 
matically actuated by an electrical contact 
during gear-changing operations, the disadvan- 
tages arises that, especially where hydrodynamic 
clutches are used as motor-speed-dependent 
starting-away clutches, a drag torque is trans- 
mitted when the engine is idling, causing jerking 
and then creeping of the vehicle when a gear is 
engaged with the vehicle stationary. Apart from 
the fact that this phenomenon is unpleasant, the 
hydrodynamic clutch becomes unnecessarily 
heated when the engine runs for a relatively long 
period with the vehicle stationary and the gear 
engaged. To overcome these disadvantages, a 
recent proposal is to modify the control-current 
circuit for actuation of the separator clutch. 
This circuit is closed when the gear is shifted by 
a switch installed either in the gear-shift lever 
or possibly in the gear itself. In the new arrange- 
ment, the circuit is additionally closed as soon 
as engine speed drops below a certain level or 
when the engine is idling. Admittedly, with such 
an arrangement, engagement of the clutch, when 
the vehicle is allowed to roll down a gradient, 
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would take place only after the engine is first 
accelerated, i.e., after the throttle is opened. To 
overcome this drawback, the new proposal in- 
cludes another device actuated by the driven 
shaft, i.e., the clutch shaft or the gear output 
shaft) which interrupts the control-current cir- 
cuit for the clutch as soon as the vehicle is set 
in motion or exceeds a certain speed. 


@ WATER-GLASS COATINGS FOR THE HEAT 
TREATMENT OF REACTIVE METALS 
Water-glass coatings are claimed to have 

solved the problem of heat-treating reactive 
metals, such as titanium and zirconium, by 
preventing embrittlement and scaling of these 
materials. When searching for a suitable coating, 
encouraging results were first obtained with a 
silicone paint containing aluminium powder 
This coating prevented oxidation during heat 
treatment but, after the materials were quenched, 
the coatings had to be removed with an alkaline 
softener and a hydrofluoric acid pickling solu- 
tion, frequently leading to etching of the metal 
surfaces themselves. Also, it was found neces- 
sary to replace scratched or damaged coatings 
before heat treatment, because repair was im- 
practical. These disadvantages are not encoun- 
tered with water glass, which can be sprayed 
on the surface before heat treatment and 
allowed to dry in air, preventing oxidation at 
temperatures as high as 2000°F. The water- 
glass mixture, which is prepared by adding 
powdered sodium silicate to a solvent-dispersed 
resin or binding medium, can be sprayed like 
lacquer, dries rapidly, and requires no supple- 
mental processing. As a rule, three coatings will 
protect the metal parts against oxidation, and 
if a protected part should be scratched before it 
is heated, the finish can be easily repaired. If 
necessary, metals can be heat-treated in less than 
an hour after the coating is applied. Above 
300°F white opaque constituents of the coating 
are burned or vaporized by heat, leaving sodium 
silicate powder to fuse and protect the metal 
surface. When removed from a heat-treating 
furnace, the metals are covered by transparent 
water-glass alone. The finish cannot be satis- 
factorily removed with water, but it can be 
quickly dissolved in a solution of caustic-soda, 
without any detectable tendency to etch the 
surfaces. 


@ COBALT-COPPER-MANGANESE ALLOYS FOR 

HARD SOLDERING 

Various solders for steel and hard metals 
are in use, but, in general, effective results with 
these solders can be achieved only by sacrificing 
in some degree one or other of the desirable 
functions of the solder alloy. In order to over- 
come these disadvantages, many additional 
metallic components have been introduced into 
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solder alloys, e.g., for improving flow behaviour 
and the wetting power. Occasionally, the purpose 
of these additives is also to lower the working 
temperature, but in most cases this results in a 
lowering of heat resistance. It has now surpris- 
ingly been found that alloys of the ternary 
system cobalt-copper-manganese, with from | 
to 10% cobalt, 55 to 95% copper, and 4 to 35% 
manganese, are eminently suitable as solders for 
alloyed steels, hard metals, and other materials 
which are normally difficult to solder. Favour- 
able results are claimed to have been obtained 
with alloys containing from 2-5 to 7:-5% Co, 
70 to 90% Cu, and 5 to 25% Mn, while alloys 
with from 2-5 to 6% Co, 80 to 90% Cu, and 
75 to 15% Mn have proved especially satis- 
factory. It is stated that these alloys have a sub- 
stantially more favourable behaviour than pre- 
viously known steel and hard-metal solders, as 
regards working temperature and flowing power, 
while the soldered seam shows a surprisingly 
high strength value. It is also stated that the 
melting range of the alloys is narrow, so that 
they show no tendency to form shrinkage 
cavities when used as solders. Moreover, they 
have excellent toughness, as well as a sufficient 
degree of hardness, and possess good wetting 
power. In addition, these alloys, which have 
working temperatures ranging between about 
900 and 1050°C, can be rolled and drawn satis- 
factorily in the cold state, and, if desired, can be 
subjected to a final hardening treatment. 


@ IMPROVING THE SERVICE LIFE OF 

HYDRAULIC TUBING 

A recent paper points out that designers of 
hydraulic systems should pay more attention 
to the causes of fatigue failure of hydraulic 
tubing, particularly of the type used in aircraft. 
One of the chronic troubles of such systems is 
the development of pin-hole leaks, which have 
been identified as tiny cracks produced by 
internal pressure fluctuations. These failures 
almost invariably occur in locations where the 
tubing has been deformed by bending and has 
therefore been slightly flattened. Owing to the 
“ breathing”’ of the flattened section, high 
circumferential stresses occur at certain locations 
in the bend, and cracks will therefore usually 
Start at these points of highest stress concentra- 
tion. It is interesting to note that the surface 
roughness of the tubing, particularly at the 
inside surface, also affects the fatigue life of the 
tubing. Rough surfaces have lower fatigue lives 
than smooth surfaces, while tubes with deep, 
sharp seams or intergranular corrosion have the 
lowest fatigue life of all. Obviously, in a rough 
surface, a stress-concentration effect, similar to a 
notch effect in fatigue, is present, and this 
effect is a function of the relative depth 
and sharpness of the notch, which is generally 
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expressed by the radius of curvature at its base 
However, the notches or seams inherent in the 
rough surface in the tubing are very irregular in 
shape, and the radius of the curvature is very 
difficult to measure. Consequently, the “ in- 
cluded-angle * at the notch bottom has been 
proposed as an index of sharpness. Test results 
have proved that fatigue life rises when this 
angle becomes more obtuse. Unfortunately, 
the depth and sharpness of shallow flaws cannot 
as yet be determined non-destructively 


@ MEASUREMENT OF THE ELASTIC MODULUS 

OF PLASTICS AT HIGH TEMPERATURES 

In research conducted to synthesize plastic 
materials satisfactory for use at high tempera- 
tures, a test method is required for the rapid 
determination of the heat resistance of newly 
synthesized materials and for the collection of 
data relating the properties of these materials to 
their composition. Such a test method must be 
suitable for conducting tests at elevated tem- 
peratures with controlled atmospheres, which 
may be oxidizing or non-oxidizing, and must 
also be capable of examining the small amounts 
of materials which are typical of production on 
the research scale. It is reported that a simple 
and inexpensive test instrument, called an 
elastometer, has now been devised to meet these 
requirements. In this instrument, a reed, com- 
posed of the sample material, is held at one end 
in a clamp and is caused to vibrate by a rod 
pressing on the reed near the clamp. The fre- 
quency of vibration at maximum amplitude ts 
observed visually and is used in the calculation 
of the elastic modulus. The device is so con 
structed that specimens can be surrounded with 
inert or oxidizing atmospheres from room tem 
perature to 11001 The specimen clamp 1s 
located near the centre of a heat-resistant glass 
tube, in which the temperature may be suitably 
controlled, and it is possible to maintain a 
vacuum or an atmosphere of any desired gas by 
the use of inlet and outlet tubes. The specimen 
is observed through a glass window at one end 
of the glass tube, and is caused to vibrate by 
means of a rod which extends through a metal 
bellows attached to a side arm of the elasto- 
meter tube. This rod is agitated by a transducer 
which is operated by a _ variable-frequency 
generator amplifier The specimen-clamp 
assembly can be moved in an axial direction 
through the tube by turning a knob outside the 
tube at one end. Thus, the point of contact 
between the driving rod and the specimen may 
be changed. Thermocouples are mounted at 
various points near the specimen on the interior 
wall of the glass tube, and it has also been found 
possible to locate a thermocouple between the 
clamp and the reed, without affecting the 
vibrational properties of the ree« 





A glance at these unique advantages 
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Tool Positioning by 
N U mM ea rl Ca This Automatic Co-ordinate Positioning Machine 


provides higher quality and increased output 

in sheet metal and similar work. Designed for 
0 nl ro marking-out, plotting, drilling, and spotting it 

is ten times faster than normal hand methods, 

and gives greater accuracy— to +0.002” in fact. 





Detailed drawings are not required. The 
necessary information can be taken from tables 
rapidly prepared from a simple layout, and the 
machine can be operated by unskilled labour. 
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from a Vertical Milling Machine with 
the E.M.I. Electronic Control System 





You can have at least five times the normal output from a vertical milling 


machine when it is fitted with the E.M.I. system of electronic control. 


A simple programme of dimensions is encoded by a standard tele- 
printer on to punched tape, which then automatically controls the 
cutting of the whole workpiece. This means completely new standards 


of efficiency, great saving in time and costs, with increased accuracy. 
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The Numerical Control of 






Machine Tools 


By R. C. Brewer* 


Introduction 


UNTIL a few years ago, the word “ automatic’, with 
regard to machine tools, normally meant control either 
by cams or by a tracer mechanism and master profile. 
The introduction of this type of operation had two ad- 
vantages, i.e., (1) many components, hitherto almost 
impossible to produce, could now be made with little 
difficulty, and (2) a large range of components could be 
produced more economically under certain circumstances 
very largely connected (a) with the manufacture of cams 
or master profiles, and (b) set-up time. The manufacture 
of cams or master profiles represented not only a consi- 
derable time delay but also a very heavy cost, which had 
to be shared between all components to be produced 
Set-up time, which could involve several hours work by 
skilled personnel, was also costly and, in this case, could 
be shared between the components produced in that par- 
ticular batch only. 

Thus, the circumstances which dictated any form of 
automatic working were largely associated with the 
number of components required and, although quite a 
considerable amount of thought has been devoted to the 
use of ** automatics * in small-number production, it is 
still largely true to say that automatic operation of this 
kind is associated with large numbers of components 

In the early post-war years, some development work 
was done on the “ playback” system of automatic 
machining. This system required the services of a skilled 
operator who carefully produced one component, the 
operations performed being recorded on magnetic tape, 
which could be played back for producing further com- 
ponents. In essentials, the system usually consisted of a 
contact arm, mounted on the leadscrew, this contact 
moving over a commutator or contact ring. In one sys- 
tem, successive contacts were supplied with electrical 
voltages of different frequencies, and thus the rate at 
which the frequencies changed on the magnetic tape was 
proportional to the speed with which the contact moved 
over the commutator, i.e., the speed at which the table 
moved. 

When the tape was played back, electrical relay cir- 
cuits operated a motor whose speed was dictated by the 
rate of change of frequencies on the tape ; the direction 
of rotation of the motor was governed by the sequence 
of the frequencies, this sequence, of course, depending 
on the direction in which the table was moved when the 
recording was made. By coupling this motor to the lead 
screw of the machine, the original movements of the 
operator could be repeated. While having certain ad- 
vantages, this system is still dependent on the accuracy 
with which a human operator can work. For straight 
lines parallel to one of the machine axes, this 1s reason- 
ably high but, for other straight lines and curves, parti 
cularly in three dimensions, human operation leaves 
much to be desired 

There is, of course, some advantage to be gained by 
what might be called a “ time-magnification effect ", tc 
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the effect obtained when recording and playback speeds 
differ, thus enabling the component to be produced at 
the desired feed rate and giving the operator more time 
to work accurately ; this time magnification 
cannot be increased indefinitely, and a point is soon 
reached at which the operator is unable to work with the 
required accuracy, unless the feed rate is reduced con 
siderably below an economic value 


however 


One interesting departure from the sequential fre 
quency technique is that used by the Micropositiones 
Division of Topp Industries Inc.; in this technique, a 
Steel tape, ] in. wide, is stretched along cach axis to be 
controlled and, at the relevant points when the operator 
has positioned the table, a power-operated punch makes 
a conical indentation in the tape. During playback, a 
precision switch pre-senses this indentation and causes a 
rapid deceleration, whilst a second switch then senses the 
indentation and controls the final positioning 

The deficiencies of human response were felt several 
years ago in other fields, e.g., gunnery and the contro! of 
chemical processes, and led to the introduction of the 
concept of automatic control. Control systems, often 
called servo-mechanisms in engineering, were developed 
to eliminate human control. Automatic control and the 
more advanced mechanization techniques are frequently 
Undoubtedly, they both con 
tribute to automatic operation, but only automatic con 
trol makes any attempt to emulate the human brain, at 


referred to as automation 


least to the extent that it can be so arranged as to discern 
when a process is not doing what it should and then to 
take corrective action ;: in other words, it does nothing 
to the system until the system ceases to function correctly 
and hence it is often called an error-actuated system 

In producing a component on a machine tool, the 
operations may be “ programmed i.¢., the paths to be 
taken by the tool and the rate at which they are take 
may be determined. An automatic control system could 


then be used to keep a continuous check on the locatio 


of the tool and to take corrective action as the need arose 
It is of importance to note that such a system will not 
prevent the tool deviating from the correct path, but will 
only bring it back to the desired path when it has deviated 
Thus, a servo-mechanism has, inherently, a delay or re 
action time, which, however, can be made considerably 
less than that of a human operator 

The main object of this survey is to consider how the 
principles of automatic control may be apple 
machine tools, so as to climinate human operators pat 
tially or entirely, There is a certain amount of literature 


on the subject but, almost invariably, there has been nx 


attempt to clucidate the terminology or pulosophy of 
automatic control , consequently, descriplions are of 
partly understood by production engineers, who have 


assess, buy, and operate these automatically controlled 
machine tools. This has been borne in mind in preparing 
this survey, which it 1s hoped will form a more or k 
complete description of this new concept 


* The imperial ( leg Scene and leche “ i 
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The Basic Philosophy 


The geometric form of any component to be produced 
may be specified by means of numbers ; thus, the con- 
ventional dimensioned engineering drawing is really a 
graphical method of associating the concrete form of the 
component with the numbers which specify its form. As 
an aid to the designer, the drawing is often invaluable and 
is unlikely to become outdated. For purposes of product- 
ion, however, slides, tables, etc. have to be moved 
through certain distances in definite directions, and the 
prime requirement is for numerical information in the 
most suitable form, usually by means of co-ordinates 
with respect to either polar or rectangular (Cartesian) 
axes. However, as Fig. | indicates, other sources of 
information exist. 
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Fig. |. Basic concept of the stages involved in the numerical control of 
machine tools. 


If the operator is to be eliminated, then this numerical 
information must be fed to the machine tool automati- 
cally by some electrical or mechanical means. It is from 
this concept that the term ** numerical control ** has been 
derived. 

Consider the most general problem, i.e., that of 
making a table move from one position A to another 
position B along some specified path. The stages in 
accomplishing this movement are : 

(1) When the original form in which the component 
was specified has been converted to a suitable numeri- 
cal form, it passes through a transfer medium, such as 
a manual punch, teletypewriter, or a set of decade 
switches. The two former methods produce permanent 
Storage media (punched cards or a punched tape), 
while decade switches merely make a temporary con- 
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version from conventional numerical language into 
electrical or electronic form. A decade switch is merely 
a 10-way switch in which each contact corresponds to 
the decade of numbers 0, 1, 2, 3 . . . 9, which is the 
basis of the decimal system of counting. As yet, the 
use of magnetic tape at this stage of the control system 
is comparatively rare, although it is almost invariably 
used later in the system as the output from the com- 
puter, should the system require one. 

(2) To specify the desired path from A to B with suffi- 
cient accuracy requires the determination of a number 
of intermediate points, which may be found tediously 
by arithmetic, or by some form of computer. 

(3) All this information must now be fed to the unit 
controlling the machine tool. This is usually effected 
by punched cards, punched tape, or magnetic tape. 
The control unit then causes the table to move. 

(4) In order to know whether the table is moving as it 
should, a measuring device is needed to determine its 
position, which is then compared with the position it 
should occupy. 

(5) Should there be any error in the position of the 
table, an error signal is needed to operate the motor 
and hence to bring the table to its required position. 
This type of system is referred to as a feedback loop, 
since the information about the table position is fed 
back to the control unit. 

It should be realized that one or more of the stages 
may be eliminated, e.g., if the table has to move from an 
initial position A to a final position B, the path being un- 
important, then stage (2) is not required. These stages 
will now be discussed at rather greater length. 

(1) Numerical Coding and Storage 

By numerical coding and storage is meant the opera- 
tion of transferring the numbers on the drawing into a 
form suitable for feeding to a mechanical, as distinct from 
a human, operator. It is also desirable, perhaps even essen- 
tial, that this be done in a form which acts as a permanent 
storage for such information. 

Those not familiar with electronic computation and 
its related problems are probably accustomed to counting 
numbers in the decimal system only. This system uses 
ten quite distinct marks or symbols from zero up to the 
number denoted by 9, these symbols being, of course, the 
** units”. When 9 is reached, the use of different symbols 
ceases and the next number, 10, is denoted by two sym- 
bols already used. The significance of the “1” written 
in the second place (from the right) is that counting Is 
now being done in “ tens’ instead of units. Evidently, 
this procedure repeats indefinitely in both directions, so 
that, as an example, the number 17-865 really means 


(1 10') + (7 10°) (8 10-") + (6 x 10-7) 
Go x10. 


It is an argument with some conviction that the deci - 
mal system is connected with the number of fingers and 
thumbs on man’s two hands, but the chief point of in- 
terest here is that the use of 10 as the basis of counting 
is quite arbitrary. Other numerical systems have been 
suggested from time to time, particularly 12 (the duo- 
decimal system) and 8 (the octenary system). If electrical 
circuitry is to be used in counting devices, two possibili- 
ties suggest themselves. For example, the number 7 may 
be represented either by an electrical signal* which is 
distinctive to the number 7, or seven electrical signals of 


** Signal’ is a generic term covering electrical quantities in 
general and may be a voltage, frequency, etc 
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short duration may be repeated in rapid succession. 
These latter signals are called “ puises” and, as an 
example, are generated in a telephone dial system each 
time the dial returns to its position of rest ; indeed, the 
the telephone dial has been used as one method of trans- 
lating numbers into electrical form for numerical control 
purposes. 

The former suggestion that a signal distinctive to ** 7 
be provided does not appear to be so easy to apply, since 
seven different kinds of signal would be required. How- 
ever, if the decimal system of counting is abandoned and 
replaced by one which repeats not at powers of ten but 
at powers of two (2, 2? 4, 23 8, etc.) only two dis- 
tinctive signals are needed, i.e., for | and 0. This is a con- 
siderable simplification from the electrical point of view 
and could be provided in many ways, e.g., by polarizing 
a voltage (positive or negative), by the operation of a 
simple on-off switch, or indeed by anything characterized 
by two distinct states. For high-speed computing, elec- 
tronic means must be sought, and a very convenient 
device is one which is very picturesquely known as a 
“flip-flop”. This is a pair of electronic valves, coupled 
together so that only one is conducting at once and, as 
it ceases to conduct, it automatically causes the other to 
begin to conduct, this alternation being the origin of 
the term flip-flop. 

This sytem of counting in powers of two is called the 
binary system and, for those who are not familiar with 
systems of counting other than the decimal system, a 
short digression will be made at this juncture. The binary 
numbers 0 and | are the same as the decimal numbers 0 
and 1, but the binary system has now exhausted its two 
distinct symbols and is forced to move to a new place, i.e., 
the second place, for the equivalent of the decimal num- 
ber 2, which in binary form is thus written 10*. It should 
be noted that the binary system has been forced to adopt 
a second place, i.e., to become a “ two-figure number ” 
for its third figure, whereas the decimal system avoids 
this until its eleventh number. Thus, the decimal number 
3 is written in binary form as 11, while the decimal num- 
ber 4 becomes 100 in its binary equivalent. 








Fig. 2. Method of converting the number 61 in the decimal code into 


(a) the binary code, and (b) the ternary code 
As a matter of fact, transposition of a number in the 
decimal system to its corresponding number in any other 
system is an easy matter, all that is required being to 
divide the decimal number successively by the desired 
system number as far as possible. The final quotient and 
the remainders R give the required number, as shown in 
Fig. 2, which shows the decimal number 61 transposed 
into the binary and ternary systems, the respective results 
being, as indicated by the arrows, 111101 (Fig. 2a) and 
2021 (Fig. 2b). For convenience, however, the binary 
equivalents of all numbers from 0 to 20 in the decimal 
system are given in Table I 
* Since the “ words "’ for numbers, c.g. sit, twenty-one, etc. are 
based on decimal conceptions, it is preferable not to use them when 
reading binary numbers, but to employ the same system as used in 


reading the figures after the decimal point thus binary 10 is read 
one-nought © and, in this way, confusion with decimal 10 is avoided 
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Binary Binary Decimal Binary | 
0 0 7 itt 14 1110 
1 1 s 1000 1s tii 
2 10 9 1001 16 10000 
3 1! 10 1010 17 10001 
4 100 1 1011 is 10010 
5 101 12 1100 19 10011 
6 110 13 1101 20 10100 


It has already been mentioned that, in the decimal 
system, units are in powers of 10. Thus, a number com- 
posed of the digits abc can be expressed as 10%a 10'+ 

10%. Similarly, then, 111101 in the binary system 
represents 


(1 25) a 2*) (I 23) (i 2%). «0 2") 
al 2°) 32 16 8 4 0 | 61 


In the same way, 2021 in the ternary system represents 


(2 34) (0 32) (2 3') (1 3%) 
54 0 6 l 61 


Consequently, transposition of any number in a given 
system back to the decimal system is also an easy matter 

It has been seen that all binary numbers greater than 
unity require more places than their decimal equivalents 
and it might be reasonably asked whether, therefore, the 
binary system enjoys any advantage. To answer this 
suppose that a punched tape is used as the storage 
medium. The most obvious procedure is to allocate for 
each place in the largest number to be coded a row, in 
which holes may be punched, as required 
are usually referred to as channels, and most tapes have 
either 5, 6, 8, 12, 14, or 32 channels, the 8-channe! tape 
being the most common for numerical control of machine 
tools. If numbers from | to 99 have to be coded, then the 
decimal system requires only two places or channels 
(tens and units), whereas the binary system calls for 
seven places, since 99 is greater than 2° 64 and less 
than 2' 128. It should be noted, however, that the full 
information is conveyed in binary coding by one line of 


These rows 


seven holes, whereas decimal coding requires either two 
lines of 10-channel tape or ten lines of 2-channel tape 
i.¢c., twenty holes 

The number of channels required for the binary sys 
tem could be reduced by a modified binary coding, in 
which combinations of holes are used to code a given 
number. Thus, Fig. 34 shows what is termed a 3-out-of-6 
binary code, in which cach digit must be expressed in 
terms of three holes out of the total of six channels used 
It will be noted that two of these channels are assigned a 
value of zero, and, as shown in Fig. 3b, which is the cock 
for Fig. 3a, any digit can be expressed in the binary cock 


by three channels, using zeros, where necessary Thus 
4 2? 0 0, § 2 1 0. etc. It should be noted 
that the value of O must also use three holes, and thes 


can be chosen arbitrarily, provided that they do not 
coincide with any combination already used for capress 
ing digits from | to 9. In the example given in Fig. Yb 
although the value of 0 appears to be 6, it is, in fact, dis 
tinguished from the actual value assigned to 6 1m that the 
lower, instead of the upper, zero is chosen 

Alternatively, use can be made of binary-decimal 
coding, as shown in Fig. 3 This code still counts in 
decades, like the decimal system, but, within one decadk 
the digits are expressed in binary form. The object of the 
binary-decimal code, like that of the 3 out-of-}- binary 
code, 1s to reduce the number of channel which are 
required with a conventional pure binary code (Pig. %e) 


Fig. 3d shows decimal coding along the tape and 
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Fig. 3. The number 57,824 expressed in different systems of coding. 
Solid dots represent punched holes 


requires the same number of channels as the number of 
digits to be expressed, while Fig. 3f shows decimal coding 
across the tape and requires ten channels. It should be 
appreciated that, although decimal coding has the ad- 
vantage of enabling operators to read the tape easily, it 
requires more holes than pure or modified binary coding 
systems. Table Il compares various media from the point 
of view of cost and storage capacity. 


TasLe Il: COMPARATIVE STORAGE Cost AND CAPACITY OF VARIOUS 


MEDIA 
| : : Digits per Digits per | 
Storage Medium unit of cost cubic inch | 
Electromechanical or electronic | 
relays O2tol 0-2 
Punched cards 2:5 10° 50 108 | 
Punched tape (sensed mechanic- i} 
ally or optically) 30 10° 1:8 10* | 
35-mm film (mechanically | 
punched and read optically 
at 10 fps) 60 10* 1:8 10* | 
Wide punched tape (mechanic- | 
ally punched and read 
optically at 10 fps) 1-0 10° 1-2 104 | 
35-mm film (optical sensing of | 
0-01 to 0-02 in. spots) 1-0 10° 60 105 
Magnetic wire 2:5 10° 60 10° 
Magnetic tape 1-0 10* 2:0 10° 1} 








In many practical applications, certain permutations 
of holes which have no numerical significance are re- 
served for physical instructions to the machine, relating, 
for instance, to the supply of cutting fluid, changing of 
tools, etc. These instructions to the machine are referred 
to as commands by electronics engineers and, in this 
survey, as functional commands. 

When the numerical information is to be stored per- 
manently, punched cards or punched tape of strong paper 
or plastic material are generally used. The coding and 
punching is normally carried out on one of the standard 
telecommunication or business-machine coders, such as 
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a teleprinter, Flexowriter, etc., although some manufac- 
turers have either adapted existing coders or developed 
new ones. To express the form of the component numeri- 
cally, the conventional system of dimensioning the 
engineering drawing must be replaced by a system in 
which every point of interest is given in co-ordinates 
with reference to some datum or origin. Whether this 
be done in rectangular or polar co-ordinates is usually 
dictated by the way in which the machine element moves ; 
for example, a milling-machine table has a linear move- 
ment in three directions at right angles and obviously 
calls for the use of rectangular co-ordinates, whilst a 
cam-milling machine, which operates on the principle of 
variation in radius with angular rotation, uses polar 
co-ordinates. 

In both these systems, there are two co-ordinates for 
each point, and thus the procedure of putting the infor- 
mation onto a tape or punched card is the same. Systems 
which provide for moving from one point to another 
only, i.e., they are not required to move in any special 
way between these points, often provide the additional 
facility of manual setting, providing temporary and per- 
manent storage. For setting manually, a row of five, six, 
or seven rotary decade switches is provided, the number 
being set (in decimal form) by adjusting each switch to 
the desired figure. Although quicker than manual posi- 
tioning, it will be evident that this alternative method 
loses two very important advantages of automatic con- 
trol, these being speed and less risk of erroneous setting. 
Nevertheless, it is a useful feature on occasions. 

The information from the tape has now to be read. 
A tape-reader normally takes one of two forms—electro- 
mechanical or optical ; in neither form does the tape pass 
through the reader with continuous motion, but stops 
periodically to enable a * block ” of information to be 
read. A block of information may be only one digit, one 
co-ordinate (Fig. 3d), all the co-ordinates specifying one 
point, or the co-ordinates for several points. In the 
electro-mechanical type of reader, a number of spring- 
loaded pins bears against the tape as it passes through 
the guide in the tape-reader ; when the tape stops, any 
pin coinciding with a hole in the tape is enabled to pass 
through it and hence to make an electrical contact. In 
the optical system, the pins are replaced by light beams 
which operate photo-cells or photo-transistors ; the 
lower inertia of the optical system makes it considerably 
quicker in reading. This point is of great practical im- 
portance, since, in the trend towards higher operating 
speeds, the reading speed of the tape-reader is usually the 
limiting factor. 
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Fig. 4. The numbers from 1 to 8 expressed in pure binary and in Gray 
(or cyclic) binary coding. 
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Some readers assimilate all the information in one 
block simultaneously, whilst others read it digit by digit, 
in which case the earlier digits have to be stored while the 
latter digits are being read. Usually, relays or switches 
are used for this purpose and are referred to, collectively, 
as buffer storage. 

One disadvantage of the pure binary code is that, 
when passing from one number to the next, the digits 
change in more than one channel and, if the changes in 
all channels are not read exactly at the same time, a 
faulty reading of the new number can occur. Special 
non-simultaneous methods of reading can be devised to 
overcome this possible ambiguity, but one simple way is 
to modify the code so that only one digit changes at a 
time. One such code is the Gray or cyclic binary code, 
which is illustrated in Fig. 4b and compared with the 
ordinary binary code in Fig. 4a. 


(2) Specification of the Desired Path between Two 
Points 
At this juncture, it is necessary to amplify a basic 
difference in numerical control systems mentioned 
briefly in the last section. Any numerical control system 
is intended to do one of two things, and this affords a 
convenient means of initial classification ; thus, it may 
either move the table (or cutter head) through a number 
of discrete positions, the path followed between these 
positions being immaterial, or it may effect a continuous 
control on the path of the moving member. The former 
type of control is usually termed positional control, 
whilst the latter is known as continuous contour control 
Although positional control has its own problems, 
particularly those associated with low-speed friction 
effects, it is simpler in conception and, the intermediate 
paths being unimportant, there is no need to specify 
them. Thus, the considerations of this section are rele- 
vant to continuous contour control only 
There are, at the moment, two approaches to the 
problem of making the moving memter follow a speci- 
fied contour to some required accuracy 
(a) To abandon any attempt to follow the actual con 
tour and to approximate to it by a series of short 
chords or tangents passing through calculated points 
on the curve. This is known as interpolation and, if 
the short chords are straight lines, the system is called 
a linear (or straight-line) interpolating system, whilst, 
if the chords are parabolas, it is known as a parabolic 
interpolating system ; 
(b) To generate a curve which approximates to the 
required curve to any desired degree of refinement 
This is achieved in practice by means of a computer 
and is called a curve-generating system 
As computers are a feature of most continuous con- 
tour control systems, it seems apposite to claborate a 
little on the two types of computer. Computers are classi 
fied as either digital or analogue. As its name suggests, 
a digital computer performs its function with numbers 
expressed in the form of digits. Although not comparable 
in complexity with a modern machine, an abacus or 
counting frame is a digital computer and exemplifies its 
main characteristics. Each bead represents an order of 
digit, e.g., tens, units, tenths, etc., and the bead is an 
indivisible unit, i.e., the beads representing the units 
cannot express in any approximate way the tenths, as 
this would require a further row of beads. The same 
holds with the modern digital computer, which has a pre 
cision dependent on the number of digits which it is 
designed toshandle ; this, however, is not a weakness 
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since it means that any required degree of precision can 
be realized merely by extending the number of digits 
which it can handle. Obviously, any increase in precision 
is accompanied by an inc-ease in cost 

An analogue computer is one in which the numbers 
with which the computation 1s to be performed are ex 
pressed by an analogy; for example, a linear displacement 
may be represented by a voltage, an electrical capacity 
an angular displacement, etc. Analogue computers em 
ploying electrical analogies or analogues have such a 
great versatility that their use is extremely widespread 
The precision of an analogue computer is dependent on 
(1) the inherent precision of which it is capable, and 
(2) the precision with which it can be operated. A slide 
rule is one of the simplest analogue computers with 
which the engineer is familiar, the numbers to be com 
puted being expressed, via their logarithms 
which are then added or subtracted. The slide-rule has 
an inherent precision dependent on the accuracy with 
which it is divided, and also a precision with which it can 
be read, mainly dependent on its size 


as lengths 


The work of generating a curve for a curve-generating 
system virtually necessitates the use of a digital computer 
For other continuous control systems, the question of 
computers is more flexible, and at least one commercial 
system does not use a computer in the strict sense of the 
word. The use, or otherwise, of any kind of computer is 
affected by the system to be controlled and by economics 
Assuming the availability of a drawing suitable for 
numerical control purposes, certain calculations must be 
carried out. These could be performed entirely by human 
means, but the drawbacks are obviously quite consider 
able, when the volume of calculations is borne in mind 
The simplest mechanical means of assistance us the hand 
operated desk calculator, which ts considerably slower 
than a digital computer in operation but, on the other 
hand, considerably less expensive A parabolic inter 
polating system enables a second-order curve (such as an 
ellipse, circle, parabola, or hyperbola, in which the second 
power of the variable occurs) to be approximated for 
some specified tolerance with less points than is possible 
with a linear interpolating system, and hence the us 
of a hand-operated desk calculator with a parabolic inter 
polating system may be considered reasonable, though tt 


» anaclocue 
8 SEMEL RAL“ PURPOSE Orertar 


CrteayL-PuePr ost 
al set ALLY fe Ramet 


SPECIAL -PUBPOSE OIG Tat 


COMPARATIVE 


ACCURACY of 


hig * Vaertetion in the com of computing a+ « function of accuracy 
for diflerent types of computer 


377 








is doubtful whether a linear interpolating system could be 
considered without a digital computer. Certainly, all 
linear interpolating systems at present make use of a 
computer. 

Digital computers are used for a wide variety of 
operations and, like machine tools, they may be either of 
general- or special-purpose types. The chief advantage 
of the special-purpose computer is that its circuitry may 
be arranged so as best to suit the kind of calculation to be 
performed. This means that the special-purpose com- 
puter operates much faster than a general-purpose com- 
puter and more economically, if it can be utilized fully. 
The economic advantage is greater when higher accu- 
racies are called for, because it is here that the general- 
purpose computer feels its limitations more acutely, and 
this is reflected by a greater increase in computational 
cost than that pertaining to a special-purpose computer. 
Fig. 5 gives some idea of how computing cost varies with 
accuracy for different types of computer. 

On the other hand, a general-purpose computer may 
be used for other computations in a medium- to large- 
size factory for payroll and costing calculations, for 
example. In aircraft factories it is becoming increasingly 
safe to assume that a general-purpose computer will be 
available. It is thus seen that the question of computers 
is not easy to decide and, furthermore, it is difficult for 
the control-system manufacturer to give general advice, 
since factors other than the system may affect the deci- 
sion. As sums amounting to tens of thousands of pounds 
may be involved, it may well be that the advice of opera- 
tions-research consultants should be sought. 

It should be pointed out that, as the computational 
costs are shared between the components to be produced, 
the problem of the method of computation is serious for 
small batches, while for larger batches rational considera- 
tion of the question could involve the expenditure of more 
money than it saved. A point which might have influence 
with some companies is the ease with which modifica- 
tions can be made. Since the output from most compu- 
ters is magnetic tape, some advantage could be claimed 
here for a system which either did not have a computer 
or whose computer gave a punched-tape output. This 
could, however, be a double-edged advantage and is 
typical of the problems involved in this section dealing 
with the computer, insofar as too many variables and too 
many circumstances have to be considered. Again, the 
operational-research approach might be recommended, 
but, once an optimum decision is made, it would have to 
be accepted that, on occasions, this decision might turn 
out to be a bad one, as there is no solution which answers 
every situation perfectly. Since positional control sys- 
tems do not involve path computations, users of such 
systems, when selecting a continuous contour system, 
must pay as much cognizance to the problems mentioned 
above as those who have no experience whatever of 
numerical control. 

For smaller companies, or those not requiring numeri- 
cally controlled machine tools to any great extent, the 
cost of any kind of computer, general- or special-purpose, 
will be excessive. A possible solution here is to buy time 
from a computer centre, although there has been certain 
criticism of this practice on the score that manufacturing 
details are passing outside the factory. 

The transfer medium from the computer to the 
machine control unit is invariably permanent and is 
frequently magnetic tape, the chief advantages of which 
are (1) the greater rate at which information can be 
recorded on the tape, and (2) the much shorter length of 
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tape required to record the same amount of infor- 
mation. If punched tape were used as the output 
from the computer, there would be a greater likelihood 
that the limiting factor in the speed of transferring infor- 
mation was the tape and not the computer ; this is 
obviously not desirable. 


(3) Table Movement 


Moving the table calls for a power source, as with any 
machine tool, but, in the case of numerical control, the 
motor must have special characteristics in order to res- 
pond adequately to the servo-system. Hydraulic, elec- 
trical, and pneumatic drives have been used, but only the 
first two have achieved any great popularity, possibly 
because of the stability problems which are usually en- 
countered when pneumatic units are used in servo- 
systems. 

Hydraulic motors have the advantages of a high 
power/inertia ratio and a high power/volume ratio, these 
advantages increasing with the supply pressure up to a 
maximum of about 4000 psi. There are also advantages 
in using some form of electrical control, such as low- 
power input signals, small size, and ease of adjusting the 
performance of the system. In coupling the electrical 
control and the hydraulic motor, the chief gap to be 
closed is that between the maximum power of the elec- 
trical signal (of the order of 0-001 hp) and the minimum 
hydraulic power which can be controlled for the usual 
valve clearances (about 0-1 hp). This means a rather high 
amplification (approximately 100), and the difficulties 
encountered in this connection have led the Gloster Air- 
craft Company (Technical Developments Division) to 
develop the “ mark-space” generator and hydraulic 
control system. [1] 

Some of the electrical power units used are : 

(1) Induction motors, usually with a two-phase wind- 
ing, one phase being fed from an ordinary a.c. supply 
and the other by the control signal via an amplifier. 
The motors are high-speed and hence must be geared 
down to increase the rather low torque, since the size 
of such motors is limited by the economics of pro- 
ducing power electronically. 

(2) D.C. motors, the smaller sizes of which use field 
control, and the larger sizes armature control, often 
by means of thyratrons. 

(3) Stepping motors, which rotate in discrete steps, the 
required table movement corresponding to a definite 
number of steps, which can be counted electronically. 
(4) Electric motors with clutch couplings. If the clutch 
operates on eddy-current or hydraulic principles, the 
‘** amount ” of coupling may be made proportional to 
the magnitude of the control signal. 


(4) Measuring Devices or Transducers 

As has already been pointed out, it is necessary to 
know the position of the table at all times, and hence 
measuring or position-identifying devices are required to 
convert mechanical displacements into electrical signals, 
usually voltages. These devices are frequently referred 
to as transducers. 

An immediate classification may be made according 
to whether the table position is sensed directly, or via the 
power leadscrew, or via an additional precision lead- 
screw. The most commonly used devices for sensing 
table position directly are : 


“ A Versatile Electro- 
British Communications and 


{1} MeC. Bennett and F. Henperson 
hydraulic Servo-Control System" 
Electronics, May 1958, page 394 
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(1) Measuring bars and pick-ups (electromagnetic). 

(2) Multi-pole resolvers (electromagnetic). 

(3) Potentiometers (electrical). 

(4) Diffraction gratings (optical). 

(5) Interrupted beams of light (optical). 

(6) Magnetron beam switching tubes and lobed discs 
(electronic). 

(7) Differential transformers (electromagnetic). 

For indirect measurement via a leadscrew, devices 

include :— 
(A) Digitizing discs (electrical). 
(B) Magnetron beam switching tubes and lobed discs 
(electronic). 
(C) Potentiometers (electrical). 
(D) Synchros (electromagnetic). 
(E) Multi-pole resolvers (electromagnetic). 

An alternative classification would be into those pro- 
ducing an analogue signal (items 1, 2, 3, 7, C, D, E) and 
those producing a digital signal (items 4, 5, 6, A, B). 
This latter classification is of some importance since, if 
the position-identifying device does not accord with the 
nature of the system, then a digital-to-analogue or ana- 
logue-to-digital converter must be introduced between 
the measuring unit and the rest of the system. 

The chief characteristics of importance in transducers 
are as follows : 

(1) Resolution, i.e., the smallest change in length (or 
angle) which can be detected by the transducers. The 
desired position is always an integral multiple of re- 
solution. 

(2) Adherence to function. Any analogue type of 
transducer produces an analogue (almost invariably a 
voltage) which is some function of the mechanical dis- 
placement. It is obviously important that this func- 
tional relationship be adhered to over the working 
range of movement as closely as possible. Errors in 
adherence to function may evidently arise from the 
inevitable small errors in manufacture, but it has also 
been pointed out [2] that the loading of the electrical 
circuit may cause a lack of adherence to the true 
function. 

(3) Accuracy, which is somewhat associated with 
adherence to function, but is really a quantitative 
expression of the admission that no transducer is per- 
fect, insofar as a point defines where the moving mem- 
ber should come to rest, and a small zone defines the 
range in which it will come to rest. This zone is the 
concept which is usually accepted as the accuracy 
(Fig. 6). 

(4) Repeatability, which is the accuracy with which the 
system can repeatedly position the moving member 
(Fig. 6). 

(5) Response of the transducer to noise. In electronic 
circuits, spurious voltage signals are always present 
and are known as noise. The degree to which the 
transducer responds to such signals is of importance ; 
furthermore, some transducers lend themselves to im 
provement in this respect. For instance, a 10:1 improve 
ment can be effected for a synchro by filtering, i.¢., by 
passing to the synchro only those signals which fall 
within a certain range of frequencies, while no com 
parable improvement can be effected for a potentio- 
meter [3]. 


{2] K. J. Wis The Design of Precision Wire-Wound 
Potentiometers "' ; Platinum Metals Review, Vol. 2, No. 3, page 74 
{3} H. A. Dinter, Je Important Factors Influencing the 


Choice between a Synchro and a Potentiometer as an Angular Position 
Pick-off "'; Trans. AJEF, Vol. 75, Part 11, page 198 
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(6) ** Language of the device. \t has already been 
pointed out that a transducer feeding an analogue 
signal to a digital system complicates the circuitry by 
requiring an analogue-to-digital converter. There are 
wider implications of this * language * problem, e.g., 
a transducer which produces a binary-coded signal can 
be compared with a binary-coded tape with far less 
circuitry than a transducer producing a decimal-coded 
signal. 
(7) Mechanical friction, the most serious aspect of 
which is wear and consequent loss of accuracy 
(8) Cost, which should be taken in conjunction with 
the cost of the auxiliary equipment mentioned in (6) 
above. 
(9) Ability to discern change of position. This 1s some 
times called (perhaps misleadingly) sensitivity and 
refers to the largest change in position which can occur 
before the feedback loop functions completely, though 
it is not due solely to the measuring element 
It is thus apparent that a good deal of thought must 
be given to the selection of a transducer and its integra 
tion into the control system. To the user of machine 
tools, this means that, in deciding the meriis of a parti 
cular system, attention should be paid to the transducer 
in relation to the rest of the system. Very much bound 
up with this requirement is the question of whether the 
system should be absolute or incremental, i.¢., whether 
all positions should be related to some datum (probably 
arbitrarily chosen) or merely related to the previous 
position. This point has been given great prominence 
particularly in sales literature, but any advantages claimed 
have nearly always been applied to circumstances which 
can scarcely be regarded as normal. The most serious 
aspect of an incremental! system (its inability to correct 
any defection in “ counting” from one position to the 
next) has hardly been mentioned. Fortunately, most 
incremental systems are designed either to prevent any 
defections or to make the results of any possible defec 
tion so small as to be negligible. An essential feature of 
such a system 1s that, if a serous defection occurs, it will 
close down automatically 
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Fig. 6 Diagrammatic representation of accuracy and repeatability im 
positioning a moving member 


The general requirements of a transducer for machine 
tool control are much higher than for most applications 
thus, for example, a table which has a travel of 100 
and has to be positioned to 0-0005 in. requires a resolving 
power of | in 200,000. Few control systems attempt to 
do this subdivision in one step and, indeed, transducers 
working from the leadscrew effectively subdivide a lengt! 
equal to only one pitch of the leadscrew. Under thex 
conditions, ambiguity arises, ic., the signal from the 


transducer docs not indicate the table position uniquely 
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For example, if the signal from the leadscrew transducer 
indicates zero angle at some instant, it will repeat this 
zero signal every time the table has moved an integral 
number of pitches of the leadscrew. Ambiguity is over- 
come by incorporating some coarse form of positional 
control ; in the above example, the coarse positional 
control would have to bring the table to within one pitch 
of its final position before the signal from the transducer 
had any real meaning. The addition of such a coarse 
position ing system obviously means a greater complexity 
of the general control system but is an easy way of 
reducing the demands of subdivision, so that, in the 
numerical case quoted above, the resolving power need 
be only | in 200 with a 10-tpi leadscrew, instead of | in 
200,000. 

So far, no mention has been made of the question of 
discriminating between the two directions of movement. 
Some transducers have the ability to discriminate 
direction, while others have no inherent means of doing 
so. In the latter case, a solution very frequently employed 
is to put a second winding on the transducer or to 
employ two separate transducers in such a way that two 
signals are obtained, each 90 deg. out of phase with the 
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Fig. 7. Generalized feedback loop for a machine-tool control system. 
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other. Thus, for one direction the sine signal follows the 
cosine signal, and for the other direction the cosine 
signal follows the sine signal. 


(5) The Feedback Loop 


In any numerical control system there are two sets 
of signals, as already discussed, these being the command 
signals (representing the desired position of the moving 


TasLe 1V ; SUMMARY OF POSITIONAL CONTROL SYSTEMS 
if Storage Medium ' Measuring System 
Company Class of Positional Storage 
Accuracy Speed Temporary Permanent Code Language* Type 
Hillyer 3 15 holes/min S 14-ch PT dec dec 
Arter 3 9-13 sec 5-ch PT dec dec 
Kearfott 3 25 ipm PC bin Gray 
Laboratory for Electronics 4 sec 8-ch PT bin Gray 
Electrosystems 3 100 ipm 8-ch PT bin-dec dec : | 
Norden-Ketay 3 200 ipm S 8-ch PT bin-dec bin-dec DIGITIZING | 
Barnes Engineering 2 50 ipm 32-ch PT bin bin DISC 
Airmec 2 90 ipm S 12-ch PT dec dec 
| FujiCommunication Apparatus 3 120 ipm 6-ch PT bin-dec 
| Hilger & Watts 2or3 + S bin 
Mullard 3 60 ipm S dec 
National Automatic Tool 3 215 ipm 8-ch PT dec ue 
| General Electric (U.S.A.) 2 60 ipm Sor TD 8-ch PT bia-de: 
|| General Electric (U.S.A.) 2 60 ipm Sor TD PC de 
|| Westinghouse Electric 3 + S 8-ch PT bin-dec 
" SYNC oO 
I Westinghouse Electric 3 t S PC dec Y HR 
|| Advance Industr.es 3 150 ipm 32-ch PT bin-dec 
Electronic Control System 1 2 sec 8-ch PT bin-dec 
| Farrand Controls 1 100 ipm S 8-ch PT bin-dec MULTI-POLE 
Farrand Controls 1 100 ipm S PC dec RESOLVER 
E.M.1. Electronics lor 2 + S 5-ch PT bin- dec ° 
Canadian Westinghouse 1 t S 
|| Cleveland Instrument I 10 sec 8-ch PT bin-dec DIFFERENTIAL 
|| Cleveland Instrument l 10 sec PC dec TRANSFORMER 
|| Topp Industries 1 50 ipm MT 
| 
| Fosdick Machine Tool 1 @ 15-20 sec 8-ch PT bin-dec 
Fosdick Machine Tool ! 15 20 sec PC dec MEASURING 
Schwartzkopff ! 2 sec PC dec BAR 
Pratt & Whitney 1 t S 12-ch PT dec 
B.T.H 1 8 se S a PC dec 
Ferranti 1 2 sec 5-ch PT bin-dec 
Ericsson Telephoues 2or 3 t S-ch PT bin 
. 2 H 
Brush Electrical Ss DIFFRACTION 
Mullard-Coventry Gauge & GRATING 
Tool 1 4-10 see Ss : P 
Japanese Government 
Mechanical Laboratory 1 80 ipm 6-ch PT mod. bin 
Wang Laboratories 2 t 8-ch PT bin-dec 
I} Reeves Instrument | 1-5 sec 6-ch PT bin-dec POTENTIOMETER 
|| Ekeo Electronics 2 24 ipm Ss PC dec 
Warner & Swasey Ito 2 100 ipm 8-ch PT bin-dec 
Modern Engineering Service l 46 sec/rey 8-ch PT bin-de 
Teller Ito 2 80 ipm ™D R-ch PT dex MISCELLANEOUS 
* Where the transduce’ output is a digital signal in a particular counting system 
t Positional speed depends on the machine to be controlled 
S decade switches Tr telephone dial ch channe! 


PT punched tape PC 
bin binary dec 
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punched cards MT 
decimal 


magnetic tape 


mod. bin modified binary 
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member) and the transducer signals (representing the 
actual position of the moving member), which are fre- 
quently referred to as the feedback signals. 

These two signals should be the same at all times ; 
however, in any system (positional or continuous) the 
command signals change in finite steps, no matter how 
small, and the table cannot assume its required position 
instantaneously. Consequently, on comparing the two 
signals, there will be, in general, a difference, called the 
error signal, which is used to actuate the servo-motor 
driving the table. The servo-motor will cease to drive the 
table when the error signal disappears, i.e., when com- 
mand and feedback signals are the same. In a positional- 


control system this will occur when a required setting of 


the table has been reached, whereas in a continuous con- 


tour control system this situation will be achieved only at 
the end of the machining operation 

Fig. 7 shows a generalized feedback system for a 
machine tool. It has been mentioned previously that this 
iS an error-actuated system, and consequently corrective 
action is always a little behind the error (in time). This 
delay and the stability of the system are two of the chief 
topics discussed in any text on control engineering 
certainly, within the scope of this survey, scant justice 
can be done to the subject, but the idea of the closed 
feedback loop is the heart of the problem, as it enables 
the system to “ think ™, to a limited extent, and so dis 
tinguishes it from the most advanced form of mechan 
ation, where all thinking must be done in advance by the 
designer 





POSITIONAL CONTROL SYSTEMS 


A positional control system is used for controlling 
the final position of a moving member and exercises no 
specific control over the intermediate path taken, so that 
certain requirements are less stringent than they are for 
continuous contour control. The first (and probably 
most obvious) relaxation in demands on the control 
system is that, since the path of movement is immaterial, 
questions of approximating to it do not arise, and a con- 
siderable part of the equipment required for continuous 
contour control is not required, including the computer 

Again, in controlling more than one axis, no syn- 
chronization of control signals is required ; indeed, the 
movements parallel to the different axes could be made 
consecutively (as distinct from simultaneously), although 
this would obviously increase the positioning time 
Furthermore, the time element is not critical, and the 
performance of the whole feedback loop, as regards phase 
delay, is less severe 

In the consideration of positional control systems, 
the main subdivision has been according to the type of 
transducer used. Brouwer [4], in his discussion of measur- 
ing devices, has given two classes of transducers, i.e., 
coarse and fine. The ultimate accuracy of positioning, 
however, depends on many other factors and, as state- 
ments of accuracy are rarely guaranteed, it has been 
deemed advisable to classify degrees of accuracy more 
generally, as indicated in Table III 


Tasce Tl CLASSIFICATION USED FOR ACCURACY OF PostTionat 
ConrTrot Systems 
Class Order of Accuracy 
1 000095 in 
2 0.0005 to 0-001 in 
3 0-001 to 0-003 in 
4 0-09) in 


It should be appreciated that positional control 
systems can effect improvements only in the time of 
positioning and the reduction of operator fatigue. The 
machining time is still the same and, as a general rule, 
positional control is more effective in cases where a large 
number of holes must be drilled with medium positioning 
accuracy 


[4] F. Brouwer A Critical Evaluation of High-Pre 
Electromechanical Linear Measuring System Electrical Manu 
facturing, August 1957 


~ 
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These systems, the details of which are summarized 
opposite in Table IV, will now be considered separately 
according to their transducers 


Systems using Digitizing Discs 


Since the common feature in systems of this type is the 
use of a rotating disc to produce a digital signal, it will be 
apparent that most of the systems will be entirely digital 
and that the remainder will have an analogue-to-digital 
conversion in the system These systems have cither 
Class 2 or Class 3 accuracy (Table I) and might be 
more breadly described as of medium accuracy 

Many of the systems make great use of clectrica 
relays, which are, of course, a standard item of tek 
communications equipment \ typical relay system 
that of the Hillyer Corporation ; this system is entirely 
digital and decimal, the input being 14-channel punc ved 
tape The measuring clement 1s a series of five counter 
discs using printed-circult contacts ; brushes, driven by 
the leadscrew, through appropriate gearing, move overt 
the surfaces of these discs and, through the constant 
make-and-break of the contacts, give a digital sige 
which is proportional to the position of the moving 
member. Obviously, the brushes for the 0-01- and 0.001 


discs would rotate at a very high speed at normal table 


velocities, and hence solenoids are provided for lifting 
these brushes until the positional error is small, at whict 
point the table velocity is low Ihe table postion 
indicated by the digital signal from the discs, is compared 
with the command information from the punched tap 
and the difference, i.c., error signal, causes the serve 
motor to drive the table so as to make this error zer 
Fig. 8 shows a Hillyer drilling machine equipped wit! 


this control system 

A similar system, also completely digita wu 
by the Arter Grinding Machine Company for the 
Arter * Jigmatx Model 250. Here again, the brush 


for the two least significant digits are lifted during the 


id 
main positioning but, in this system, clutches are used 
and there is a synchronizing commutator for bringing 
the fourth and fifth stages in at the wrect pownt with 
reference to the first three stages, as shown im Fig 9 
which illustrates the printed-<cucuit board and ‘ 

8) 








~~ 





Fig. 8. Drilling machine equipped with a Hillyer numerical-control 
system using digitizing discs. 
(Courtesy of Hillyer Corporation) 


includes the digital commutators. This system _,,5- TARE 
minimizes backlash errors by positioning from ~~ READER StSmAGe 


the same direction always, and the table is held, 
during the operations, by means of a magnetic 
clamp. 

The Kearfott Company and the Laboratory 
for Electronics Inc. both use similar measuring 
systems to those just described, but, instead of 
employing the decimal system, the Gray or 
cyclic binary system (Fig. 4) is used. The 
numerical advantages of this code have already 
been discussed, but additional advantages are 
simplicity in the subtractor circuit and the fact 
that high-precision components are unneces- 
sary ; furthermore, it enables the system to be 
quick in positioning (the system of the Labora- 
tory for Electronics, in particular, positions in 
an average time of | sec) but, since the com- 





Fig. 10 


parison is effected digit by digit in the binary code, any 


given number requires more digits than in the decimal 





Fig. 9. Printed-circuit digitizing discs of the Arter numerical-control system. 
(Courtesy of Arter Grinding Machine Co. Inc.) 
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code and hence a more elaborate network of relays or 
switches. It may be felt, however, that this is a compara- 
tively small penalty to pay for a system which is virtually 
devoid of any electronic equipment. 

The Kearfott Company markets individual compon- 
ents to those wishing to manufacture control systems and 
does not produce a complete system of its own. The 
block diagram in Fig. 10 shows the details of single-axis 
control of the Laboratory for Electronics system ; the 
Kearfott system is similar, except that it has no buffer 
storage, since all the tape information is read simultan- 
eously. It will be seen that, after the command and 
table-position signals have been compared, the error 
signal is converted to a voltage analogue which, after 
amplification, controls the table-positioning servo-motor. 

One rather interesting feature of the Laboratory for 
Electronics system is that it uses conventional engineering 
vulgar fractions and not decimal fractions, apparently 
because this system is applied specifically to drilling, where 
the pitch of holes is still often given in vulgar fractions. 
It should, however, be pointed out that, in the binary 
system, these are ordinary, as well as vulgar, fractions, 
inasmuch as 4 = 2-', } 2-2, § = 2-3, etc., and all con- 
ventional engineering fractions can be expressed in terms 
of these units ; thus, for instance, 3 i 1, so that 43 
in the binary system becomes 

22+ (0x 24)+ 0x 2%+0x 2-') 
100-011. 


Fig. 11 shows the Laboratory for Electronics composite 
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Block diagram of the Laboratory for Electronics numerical-control system. 


unit for numerical control of drilling operations. The 
tape-reader can be seen behind the glass panel at the 
—— right of the machine. 

s The systems produced by Elec- 
trosystems Inc. and by the Nor- 
den-Ketay Corporation are 
generally similar to the two pre- 
vious systems, but the rotating 
discs employ the decimal, as 
distinct from the binary, system. 

The ** Binotrol * system of the 
Barnes Engineering Company is 
one of the few which utilizes the 
conventional binary scale through- 
out its operation, but its chief 
point of interest is its relay net- 
work, which compares input and 
feedback information without 
analogue conversion. For each 
digit, there is a pair of relays, one 
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Fig. 11. Drilling machine fitted with the Laboratory for Electronics 
numerical-control system. 
(Courtesy of Laboratory for Electronics Inc.) 


operated from the tape-reader and the other from the 
digitizer. When correspondence between command and 
feedback is achieved, the table-drive is stopped. The 
system uses 32-channel tape and accommodates two 15- 
digit binary numbers, giving, for the sum of the terms of a 
geometrical progression, 2'5 1 32,767 units of 0-001 
in. each, i.e., a range up to 32-767 in. 

A British company which has recently entered the 
numerical-control field is Airmec Ltd., which is probably 
more widely known for its telecommunication equipment 
The required table position may be set up manually by 
means of decade switches, or automatically, using 12- 
channel paper tape coded decimally, according to the 
scheme in Fig. 12, which shows the coding for one axis 
Thus ten channels are needed to code the numerical data 


9 8676 5 43 21 0 





¢ . 7 . . . 
= ‘ 
a 
Fig. 12. Numerical coding system for the control tape used in the 
Airmec system 





for the X¥ and Y axes, and the two remaining channels are 
used for tool selection, tape rewind, and other special 
functional commands 

The information is read in the tape-reader by spring 
loaded feeler pins, and the movement of the tape is con- 
trolled by a photo-transistor receiving light through 
holes in the tape which are smaller than the digit holes 
The information is stored in a relay buffer stage until the 
positioner unit is ready to receive it. The position unit 
contains a series of rotating discs which act as decimal 
commutator switches, the first of which is driven directly 
from the leadscrew. There is a 10:1 gear ratio between 
the successive disc shafts. Each disc has a number of 
sections which may be connected together to provide 
what is basically a two-segment commutator, cach seg 
ment of which is maintained at such a potential as to 
provide either a forward or reverse movement of the 
motor driving the leadscrew The angular setting of 
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these two segments is controlled by the relay system in 
the buffer storage. When any disc moves to a position 
where the brush rests in the neutral zone between the two 
segments, control passes to the next-finest disc 

At any of the points where control is transferred, a 
magnetic clutch can be operated to reduce leadscrew 
speed, so as to obtain a slow “ run-in”. When the last 
disc has reached its correct position, the magnetic clutch 
is released, thereby disconnecting the motor from the 
leadscrew, and a signal is provided for operating the table 
clamp. In one direction of travel, the settings of the 
segments are deliberately advanced so as to ensure that 
final positioning always takes place from the same 
direction, minimizing the effects of backlash. A correc 
tion cam is provided to compensate for cumulative errors 
in the leadscrew, and the cam ts cut from the measured 
errors of the leadscrew. Fig. 13 shows Airmec control 
equipment applied to a small machine which may be 
used for co-ordinate drilling 

A Japanese system, produced by the Fuji Communi 
cation Apparatus Manufacturing Company, employs an 





Fig. 13. The Airmec two-dimensional positioning system applied te « 
machine-tool table 
(Court { Aivmec fl 
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aluminium disc with twelve equally spaced holes on an 
inner radius for generating pulses and twelve armatures 
on an outer radius for electromagnetic braking. The 
table position is sensed by counting the pulses generated 
by this disc with the aid of a parametron, which was 
developed at Tokyo University and is a high-frequency 
electromagnetic device with flip-flop characteristics, thus 
rendering it suitable for pulse counting. This system is 
comparatively cheap, although a direct price comparison 
with British and American systems is not easy. Fig. 14 
shows a Wiedemann press fitted with the Fuji system for 
two-dimensional control. 

The British firm of precision-instrument manu- 
facturers, Hilger & Watts, has taken a particular interest 
in the development of digitizers of many kinds and has 
employed them in systems of positional control. Fig. 15 
shows one such digitizer unit mounted on a boring 
machine and sensing the table position through a pre- 
cision rack-and-pinion drive. The unit actually contains 
two digitizers, one giving a reading up to 9-999 in., and 
the pair, in combination, covering the remainder of the 
range up to 249-999 in. in 0-001-in. steps. The two digi- 
tizers are geared together in such a way as virtually to 
eliminate backlash. 





Fig. 15. A Hilger & Watts digitizer mounted on a boring-macnu.e capie. 
(Courtesy of Hilger & Watts Ltd.) 

For this system, optical digitizers are used, these being 
the optical analogues of the mechanical digitizers dis- 
cussed previously, with the alternate conducting-insulat- 
ing nature of the electrical contacts replaced by a pattern 
of transparent-opaque marks. During rotation of the 
disc, the opaque marks interrupt a stationary beam of 
light which is focused on a photocell detector, and thus 
short electrical pulses are produced. The resolution with 
a 2}-in. diameter disc is of the order of | in 1000. The 
advantages of an optical digitizer, as compared with a 
mechanical digitizer, are (1) a much lower resisting torque 
and a longer life, owing to the absence of actual contact, 
and (2) a smaller size for the same resolution. 

In the Hilger & Watts system a continuous display 
of the table position is provided on a panel. This may be 
either a single-row display or the type shown in Fig. 16, 
employing columns of numbers, each of which may be 
illuminated by a small lamp controlled by the relays of 
the decoding system. Table movement may be either 
manual or power-driven ; in the latter case, automatic 
switching is employed in the final positioning of the table. 
Various applications of the range of Hilger & Watts 
digitizers have been discussed by Evans [5]. 

{5} D. S. Evans: “ The Digitiser—-a High-Accuracy Scale for 


Automatec Data Processing’; British Communications and Flec- 
tronics, June 1957, page 334 
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Fig. 16. The Hilger & Watts multi-column display unit for indicating 
table position. 
(Courtesy of Hilger & Watts Ltd.) 

In concluding this brief survey of the several systems 
using digitizing discs, the Mullard ** Autoplot ” system 
should be mentioned. This British system is modest in 
price and is of relatively low accuracy, as it is intended 
mainly for marking out sheet-metal parts and for drilling 
chassis and templates. The digitizing disc in this case is a 
toothed scanning disc geared to the leadscrew. Each pulse 
corresponds to a work-head movement of 0-001 in., the 
work-head moving (rather than the table), in order to 
minimize backlash errors. 

The X and Y co-ordinates of the required position are 
fed into the system by dials, although punched cards can 
be used. The measured information passes to a counter 
having five dekatron tubes, and the work-head continues 
to move until the number of pulses registered on the 
dekatron tubes is equal to that set on the input dials. 


Systems using Synchros (or Resolvers) 


A synchro is an electromagnetic device for converting 
an angle to an analogue voltage or vice versa. It consists 
of a polyphase stator winding and a single rotor winding. 
The stator winding may be three-phase or two-phase, 
and, although synchros, as a whole, are often referred to 
as resolvers, it might be preferable to restrict the term 
** resolver * to the two-phase synchro, bearing in mind 
that the term ‘ multi-pole resolver” refers to a two- 
phase resolver. 











MOVING COIL 
OR WINDING 





Fig. 17. Diagrammatic representation of a synchro with a three-phase 
stator winding. 

When the stator is excited by a three-phase voltage, 
the voltage induced in the rotor winding is proportional 
to the sine of its angle of rotation 6 (Fig. 17), thus pro- 
viding the analogue for the angular position. Synchros 
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Fig. 18. Block diagram of the General Electric positioning system for one axis 


have a general accuracy of the order of 20 minutes of arc, 
but special synchros are available which will measure to 
1 minute. It should be borne ir mind that a 20-minute 
synchro will give about 0-000! in. accuracy with a lead- 
screw having a pitch of 0-1 in. In this connection, systems 
using synchros fall roughly into Classes 2 or 3 in Table 
Ill as regards accuracy. 

The General Electric Company (U.S.A.) has a Speci- 
alty Control Department which has developed an 
absolute system based on synchros as the measuring 
element. This company has been active in the machine- 
tool control field since 1947, first with playback systems 
and later with numerical control. In 1954 the company 
fitted its positional control system to a Wiedemann punch 
press, and it is believed to be one of the earliest, if not the 
earliest, application of positional control. The storage 
medium can be either 8-channel punched tape or standard 
Remington-Rand or IBM _ (International Business 
Machines Corporation) punched cards, though manually 
set dials may also be used to feed in the information 
Alternative methods of table control are also possible 
and can be effected by a d.c. motor with either amplidyne 
or thyratron control, an a.c. motor, or an electro- 
hydraulic motor, as shown in Fig. 18, which is a block 
diagram of the General Electric system for one axis 
For multi-axis control, the servo-motor and parts of the 





director is the section of the control contained within the 
broken line in Fig. 18 and its functions are (1) to convert 
the input information (in digital form) into command 
information (in voltage analogue form), and (2) to dis 
criminate the difference between these command voltages 
and those fed back by the synchros, and hence to generate 
an error voltage 

To convert input information into command inform 
ation, command-voltage transformers are 
having a single primary winding and a centre-tapped 
secondary winding which is further tapped to 
divide the output voltage decimally on each side of the 
centre tap (Fig. 19) 
stepping switches which are ganged to a 


used, these 


s) 6S 
These tappings are led to decade 
third 
controlled (as regards position) by the information from 


switch 


the card-reader ; for example, if the number to be set ts 
18°735, the information from the card-reader for the 
‘units ” figure is 8, and the stepping switch will rotate 


At this the 
tapped from the secondary of the transformer will be 


until it reaches position 8 pont voltage 
eight-tenths of the voltage corresponding to a full rota 
In addit 


the stepping switches also act as a buffer storage 


on to thes function 
T he 
command voltages for all four synchros are derived in a 
similar manner. It will be noted that there are only four 
but five digits must be Actually 
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how much error signal is to be tolerated before energizing 
the servo-drive which positions the table 
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Fig. 20. Sundstrand lathe equipped with the General Electric system of positional control. 
(Courtesy of General Electric Co. (U.S.A.)) 


Fig. 20 shows a Sundstrand lathe equipped with the 
General Electric system of numerical control. This lathe 
is used for turning stepped shafts and is particularly 
suitable for very small batch work, in which production- 
rate increases of over 75°, have been achieved. The 
average increase for all jobs is about 50°,,. 

The Westinghouse Company (U.S.A.) offers two con- 
trol systems. One of these is a relatively accurate system 
in which coarse positioning is achieved by synchros, and 
fine positioning by a differential transformer, so that it is, 
in effect, the Canadian Westinghouse system described 
in a later section of this survey. The other system does 
not have fine positioning and is thus a coarser system, 
but, even so, any loss in accuracy is most pronounced 
only when longer table movements have to be controlled. 
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Fig. 21. The Farrand linear Inductosyn. 
(Courtesy of E.MJ1. Electronics Ltd.) 


Advance Industries Inc. have a system which has been 
adopted by the Jones and Lamson Machine Company 
for integration with drill heads, of which the Cincinnati- 
Bickford is a typical example. The storage medium 
is 4-in., 32-channel Mylar tape. As with the General 
Electric system, there is a conversion of the binary infor- 
mation (read from the tape) into decimal form, followed 
by stepping switches and tapped transformers used 
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to generate the voltages for the synchros. 

In passing the control successively 
from the coarsest to the finest synchro, an 
overlapping technique is used to ensure 
that one synchro is not cut out before the 
next is switched in. For each synchro, this 
is achieved by deriving a bias voltage from 
an additional tapped transformer and 
applying this voltage to the rotor winding 
of the synchro ; in this way, although the 
true voltage in the rotor winding may be 
zero, there is still an additional voltage 
which delays the cutting out of that 
particular synchro. 

The table drive is by a hydraulic servo, 
i.e., a piston (integral with the table) 
moving in a cylinder containing oil under 
high pressure, the piston position being 
monitored by a rotary differential valve 
driven from a leadscrew. Obviously, this 
leadscrew does not have to transmit 
power, thereby minimizing errors due to 
i wear, backlash, and elastic deflection. 

The system developed by Electronic 
Control Systems Inc. for continuous 
contour control is described fully in 
a later section of this survey. It should, however, be 
noted that it can also be used for positional control, in 
which case a computer is not required. 


Systems using Multi-Pole Resolvers 


The operation of a Multi-pole resolver is funda- 
mentally the same as that of a two-pole resolver, which 
has one rotor winding and two stator windings at 90 
deg. to one another. If the rotor is excited by a constant 
voltage, the voltages induced in the two stator windings 
will vary as the sine and cosine of the angular displace- 
ment, thus defining the angular setting of the resolver. 
The system may be worked in reverse, i.e., synchronized 
sine and cesine voltages may be applied to the stator 
windings and the rotor rotated until the voltage induced 
in it is zero. This position, again, is a unique function of 
the sine and cosine voltages. 

The multi-pole resolver is a development of the 
Farrand Optical Company Inc. and has led to the form- 
ation of a subsidiary company, Farrand Controls Inc., 
which has developed a system of positional control using 
the multi-pole resolver or * Inductosyn”. Apart from 
the advantage of multi-polar operation, the Inductosyn 
has the additional virtue that it can be made in either 
linear or rotary form ; the linear type is especially useful 
for systems working in rectangular co-ordinates. 

The first element of the linear Inductosyn (Fig. 21) 
is a glass scale, about 10 in. long, with a single hairpin 
winding of metallic conducting material printed on it. 
The second element, known as the slider and shorter in 
length than the scale, has two printed metallic windings 
spaced at 90 electrical degrees or 0°025 in. Hence, two 
complete double-turn windings, or four poles, correspond 
to 0-1 in. on the slider. 

The scale, or a number of scales end to end, is 
mounted on the fixed member, whilst the moving member 
carries one slider. The distance separating the scale and 
slider is about 0-010 in. and is not critical. In the Farrand 
system, the slide is moved in the following way 

Sine and cosine voltages, which are the analogues of 
the dimensional information, are fed to the slider windings. 
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In general, the moving member will be in such a position 
as to cause an error voltage to be induced in the scale 
winding ; this error voltage is used to actuate a servo- 
drive, and evidently, when the moving member is posi- 
tioned, the error voltage disappears and the servo-drive 
ceases. It is clear that, as the voltage passes through zero 
every 0-05 in., i.e., twice in every four poles, a coarse 
system must be employed to position to within 0-05 in., 
and the Inductosyn will then perform the final positioning. 
The Inductosyn can resolve to 0:36 = 360/1000 electrical 
degrees, i.e., it can resolve to 0-0001 in. 

The co-ordinate information is converted in a Flexo- 
writer into 8-channel punched-paper tape, the numerical 
information being in binary-decimal code. Fig. 22 gives 
details of the Farrand system, in which position com- 
mands come from decade switches, which may be oper- 
ated manually or by a tape-reader. The function of the 
electronic switches is to connect the resolvers to the 
amplifier-motor circuits in the correct sequence, i.¢., 
coarse ( for positioning the tens and units of inches), 
medium (for positioning 0-1- and 0°01-in. steps), and fine 
(for 0-001- and 0-0001-in. steps), in that order. 
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Fig. 22. Block diagram of the Farrand positioning system, using 


the Inductosyn as the fine transducer 


The coarse and medium resolvers are synchros work- 
ing through gearing from the leadscrew, which is driven 
by a motor controlled by a d.c. amplifier. The fine 
resolver, also a synchro, is driven by a motor actuated by 
a magnetic amplifier. 

A British company, E.M.I. Ltd., has been prominent 
in the field of numerical control and has developed a 
system of Class 1 accuracy, in which the Inductosyn is 
SEPTEMBER, 
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Fig. 23 Block diagram of the E.M.1. positioning system, using the 


Inductosyn as the fine transducer 

the fine transducer. Fig. 23 is a block diagram of this 
system, in which an array of six decade switches provides a 
temporary storage medium, permanent storage being 
provided by S-channel punched tape Four of thes 
channels are used for encoding the numerical information 
in binary-decimal form (Fig. 3c), while, apart from the 
‘stop " signal, the fifth channel is used only in conjunc 
tion with the other channels and is reserved for non 
numerical commands 

The switches feed directly to the uniselector store, but 
the output from the tape reader passes first through a 
decoder, which 1s effectively an clectrical means of con 
verting the signals from the reader into a form suited 
to the uniselector store. This store consists of six banks 
of uniselector switches similar to those used in automat 
telephone exchanges 

The output from the tens and units banks passes to a 
“linear synthesizer whose function 1s to produce a 
voltage proportional to the commanded coarse displace 
ment, i.¢., the tens and units of inches. This voltage 
compared with the feedback signal from the coarse tran: 
ducer, which in this system 1s an inductor potentiometer 
(or auto-transformer) driven through gearing from the 
leadscrew. The voltage resulting from this comparison 
can be called the coarse error signal 

Returning, for the moment, to the uniselector store 
the outputs from the units, tenths, and hundredths bank: 
are fed toa sinc-cosine synthesizer 


This is a complex 


network of switches and transformers, to the develop 
decrabl 
attention, and its function is lo generate a pai of sine 
and cosine voltages which are the analogue of the units 
tenths, and hundredths figures. These voltages are fed 


to the stator windings of a two-phase synchro whose rotor 


ment of which the company has given com 
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is coupled via gearing to the leadscrew. In general, the 
rotor will not be in the zero-voltage position ; indeed, the 
voltage induced in it will be proportional to the difference 
between the commanded and actual positions (as regards 
units, tenths, and hundredths of inches) and can be 
termed the intermediate error signal. 

The outputs from the hundredths, thousandths, and 
ten-thousandths banks of the uniselector are fed to a 
second sine-cosine synthesizer, producing a pair of sine- 
cosine voltages which are the analogue of the three least 
significant figures. This pair of voltages is fed to the 
stator windings of an Inductosyn, which senses the table 
position directly. As with the synchro, there will be a 
voltage induced in the rotor winding until the com- 
manded position has been reached, and this can be 
termed the fine error signal. 

These three erro: signals are all fed to a servo-ampli- 
fier via electronic switching, arranged so that the initial 
input to the amplifier is the coarse error signal but, when 
this has decreased below a certain magnitude, the inter- 
mediate error signal becomes the input. Later, when this 
has decreased in magnitude to some predetermined 
amount, the fine error signal becomes the input. In this 
manner, control passes from coarse to fine systems. The 
output from the amplifier controls the speed of the servo- 
motor. 

It will be seen that the ambiguity of the Inductosyn 
is resolved by means of the synchro and, in turn, the 
ambiguity of the synchro by means of the inductor poten- 
tiometer. The company also caters for a less refined 
system using only the linear synthesizer and inductor 
potentiometer. 

Fig. 24 shows a portal-type drilling machine, built 
by Industrial Technics Ltd., fitted with this system of 
control, which has a positioning accuracy of the order of 
0-:0001 in. and a repeatability of a few hundred-thou- 
sandths of an inch. 

E.M.I. have given careful consideration to the pro- 
blem of control in cases where the traverse is greater than 
100 in. It will be evident that, for a given resolving power, 
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Fig. 24. Portal-type drilling machine fitted with the E.M.1. system of positional control. 
(Courtesy of E.M.1. Electronics Ltd.) 








the total travel to be controlled can only 
be increased ten-fold if the least signi- 
ficant digit is sacrificed, or, to put it 
another way, only a given number of 
digits can be controlled, irrespective of 
the location of the decimal point. If it is 
desired not to sacrifice this last digit, 
then the traverse can only be increased 
by allowing the existing system to repeat 
every 100 in. This, however, gives rise to 
two problems : 

(a) The system, as a whole, is am- 
biguous and cannot distinguish be- 
tween, say, 53, 153, 253, etc. The 
theoretical solution to this problem is 
easy, requiring, as with all ambiguities, 
a coarser system of control. The prac- 
tical solution, however, is not effected 
so easily, but E.M.I. have designed a 
satisfactory coarse system using micro- 
switches to position to the nearest 50 
in., i.e., to within 100 in. 

(b) There must be perfect continuity 
at points where the system passes from 
99-999 in. back to zero. Some link is 
required at these points, and this has 
been provided by the facility of 
indefinite repetition of the tens 

of inches digit, achieved by an ingenious technique 
involving the switching of a toroidal transformer which 
performs the voltage division. This technique is 
known as the “ extended analogue range “ technique 
and is featured in the continuous contour control 
system known in the U.S.A. as the Cincinnati numerical 
control system and referred to later in this survey as 
the Cincinnati-E.M.I. system. 





Systems using Differential Transformers 


Of the three systems to be mentioned in this section, 
two (Canadian Westinghouse and Cleveland Instrument) 
use the differential transformer as a precision analogue 
transducer, whilst the Topp Industries system employs 
the differential transformer, in conjunction with a low- 
power stepping motor, as a digital transducer ; all three 
systems give Class | accuracy. 
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Fig. 25. The differential transformer used as the transducer in the 
Canadian Westinghouse positioning system. 
(Courtesy of Canadian Westinghouse Co. Ltd.) 


The Canadian Westinghouse system is handled by a 
subsidiary, Hamilton Controls Inc., and employs the 
transducer shown in Fig. 25, and which consists of two 
electromagnetically coupled elements. The primary 
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positioning 


winding is located in the surface of a long cylindrical bar, 
which is either of solid insulating material or is a metallic 
bar with an insulating sleeve. A two-start square thread 
is cut in the surface of this bar, and the primary winding 
consists of a single conductor in each helix, the two 
conductors being joined at one end and brought to slip- 
rings at the other. The secondary winding is also a bifilar 
winding, of the same form and lead as the primary, but 
shorter in length and wound on the inside of a sleeve, 
which is a sliding fit over the primary bat 

If an alternating voltage is applied to either winding, a 
voltage will be induced in the other winding ; this voltage 
will be a maximum (positive or negative) when the turns 
of the primary and secondary are aligned, as in Fig. 25a, 
and will vary in an approximately sinusoidal manner as 
the sleeve is displaced axially relative to the bar. The 
voltage will, of course, go through one complete cycle 
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for a relative movement equal to the lead of the windings 
(usually 0-1 in.), and will be zero for the relative position 
shown in Fig. 25b 

Thus, as with many transducers for continuous move 
ment, there is a certain ambiguity, and, to position the 
moving members to within 0-1 in., use must be made of a 
coarse control system, as mentioned in the Westinghouse 
system on page 386. At this stage the error signal of the 
Coarse servo IS LOO weak to Operate the motor, and contro! 
is switched to the fine system, which can now employ the 
differential transformer as a 
guity. 

The system is shown, in block form, in Fig. 26 
Assuming for the moment manual setting, the coarse 
decade switches are used to set up the tens, units, and 


transducer, without ambi 


tenths of inches, and a conventional positional servo 
motor brings the moving member within about 0-1 in. of 
its final position. The three least significant figures are 
set up on the fine decade switches, which 
increase the resolution of the differential transformer 
beyond 0-1 in. It is apparent that, when the inner member 
of the differential transformer, which carries the primary 
winding, is rotated through one revolution 


are used to 


the signal 
generated in the secondary winding will vary in the same 
way as if the sleeve were moved axially through O-1 in 
The revolution need only be divided into increments of 
about 0:3 deg. in order to extend the corresponding linear 
resolution to 0-0001 in. The inner member ts carried in 
precision journal bearings, and a small servo-motor 1s the 
controlling unit. Local errors in lead are minimized by 
using a fairly large number of turns, thus averaging out 
the error. Eccentricity of the sleeve relative to the bar 
has no effect on accuracy, and the system can be easily 
adapted to work from information fed on punched cards 
or tape 

The differential transformer of the system used by the 
Cleveland Instrument Company ts based on the vermis 
principle and operates only when approximate positioning 
has been achieved by means of a conventional bridge 
balancing network. Referring to Fig. 27, which applies to 
the rotary version of the control, the table carries 360 ro 
tary armature slugs al a spacing of exactly one degree, and 
the machine frame has 15 exciter coils and 15 differential 
windings at a spacing of 56 minutes 
are differential 


Since the windings 
the output voltage from the coils is zero 
when one of the slugs 1s exactly in line with an exciter 
Successive will 


coil differential winding clement slugs 
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Fig. 28. Cleveland Instrument 
Co. system applied to a multi- 
spindle boring mill. 
(Courtesy of Cleveland Instru- 
ment Co. Inc.) 


be increasingly out of 
line by 4-minute inter- 
vals, and thus the system 
will resolve to 4 minutes 
by this technique. This 
resolution is increased 
240 times, i.e.,to 1 second 
of arc, not by nulling the 
differential transformer 
output but by bringing it 
to some value dependent 
on the command infor- 
mation. Since the trans- 
former output is linear 
over the required range, 
this is achieved compara- 
tively easily. 

The input information 
is stored on decimally 
coded Remington-Rand punched cards, or on 8-channel 
punched tape, using a decimal-binary code, multi-stage 
decade switches storing this information. The 100-deg., 
10-deg., 1-deg., and 10-min. selector switches produce a 
resistance analogue in one arm of a bridge circuit, the 
adjacent arm being a 360-deg. potentiometer winding on 
the rotary table. When these resistances are not equal, 
there is a voltage across the bridge, and this voltage is the 
error signal, which actuates the servo-motor (through a 
d.c. amplifier) and controls coarse positioning. 

The system may be supplied for control in rectangular 
co-ordinates giving a resolution of + 0-0001 in. Fig. 28 
shows the Cleveland Instrument system applied to a six- 
spindle boring mill for machining jet-engine casings. 

The system developed by Topp Industries uses a 
stepping motor similar to that employed in the Teller 
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system (see page 399), but it is employed, in this instance, 
aS a measuring instrument and not a power drive. Fig. 
29 shows schematically this measuring system, which is 
digital in operation. Pulses from a magnetic tape (which 
is the storage medium) are fed alternately to opposite poles 
of the stepping motor, which moves through 9 deg. for 
each pulse. Thus, the comparator screw is made to 
rotate, displacing the steel tuning slug and unbalancing 
the secondary coils of the differential transformer. The 
unbalance signal causes the servo-motor to re-centre the 
slug and, in so doing, to rotate the leadscrew and hence 
move the table. The amount of table movement is 0-0002 
inch per pulse. 

The method of tape preparation is rather unusual, in 
that variable-frequency pulse generators generate pulses 
which, under human control, moye the table as required ; 
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Fig. 29. Schematic arrangement of the Topp system of positional control, 
using a stepping motor and differential transformer. 
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during this time, the pulses are recorded on magnetic 
tape, which then acts as the information input for the 
actual operation cycles. 


Systems using Measuring Bars 


A system using some form of measuring bar evidently 
has a greater inherent potentiality for accuracy than most 
other systems, and hence it is not surprising to find that 
all four of the systems mentioned in this section were 
developed for, and have been applied to, jig borers. All 
are of Class | accuracy. 

In metrology, the two basic forms of length standard 
are the line standard and the end standard. It is con- 
venient to classify measuring-bar systems in numerical 
control into the same categories. Thus, the Fosdick and 
Schwartzkopff systems both use end standards, i.e., 
length bars (termed “ gage rods” in the U.S.A.), whilst 
the B.T.H. and the Pratt and Whitney systems use the 
electronic equivalent of line standards, sensing being 
carried out electronically by an electromagnetic head, and 
not optically with a microscope, as in metrology. 

Both the Fosdick and Schwartzkopff systems employ 


























CAROS 
ARRAYED 
PRODUCTION- — oiuites [OPTIMIZER 
———|_ PLANNING nanan 4G P COMPUTER 
CAROS iF REQUIRED 











TABLE-POSITION FEEDBACK oo 
CONTROLLER 





FEEDBACK ON THE 
OF THE TOOL-CHANGE UNIT 





Measuring bar of the B.T.H. system 
(Courtesy of British Thomson-Houston Lic 


Fig. 32 


turrets have bars with increments of 0-1, 0-01 in 
on to the required degree of resolution 

In the Fosdick system (which was developed in con 
junction with the International Business Machines Cor 


and so 


CARDS poration), the data are stored on 
ARRAYEO IBM punched cards in conventional 
iN OPTIMUM | 


decimal form, and the card-reading 
unit is a type-407 IBM reader, mod: 
fied to permit the information to be 
read column by 
onee 


SEQUENCE | caro 
- — 
READER 


column or all at 


This system is shown sche 

30, from which it 
will be seen that a general-purpose 

oi computer may be 
the 


| sequence of 


POSITION matically in Fig 


used to optimize 


cards. This ss of 


cence: $ assistance, since the Fosdick system 
— - is used (on the company’s own jig 
JIGBORER ROTARY | ee P J borers) in conjunction with a WO 
TRANSDUCER TASLE |rooL-cance unit] [SENSING HEAD c 
. _ a : Station rotary tool-storage unit 
Fig. 30. Block diagram of the Fosdick control system, using length bars as the measuring element (Fig. 31), and optimum efficiency 


10-station turrets for holding the length bars. The first 
turret holds bars of from 10 to 90 in. in length, in incre- 
ments of 10 in. The second turret has bars from | to 9 in 
in length, in increments of | in., while the succeeding 
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is not necessarily obtained by drilling or boring all holes 
of the same diameter one after the other 
the holes are very scattered, it 


for cxamplk if 


may be more efficient to 
change tools several times 

The fact that the 
digital conversion 1s not effected at 


the machine 


analoguc-to 


tool slides enables the 


Fosdick system to employ limit 
switches only in its feedback sy 
stem. Lach axis has a motor which 


drives the six switches required for 


the six significant digits from tens t 


ten-thousandths of an inch (big 
41), and the ten contacts of eact 
switch are connected to the ten 


contacts of the corresponding digit 


of the card-reader; hence, for the 
icns figure, if the 


ched at 60, the 


‘ 
cara if fn 


sixth Contact on the 


tens switch will be live As the 
motor drives the arms of the swt 
ches, the ters arm will contact a 
live pomt at the siath position, and 


big | A Peedick pe borer with (lett) « 
0 etetron rotar) toul storage wet 
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Fig. 33. Measuring elements of the Pratt & Whitney system, showing the recessed or 


castellated measuring bar. 


(Courtesy of Pratt & Whitney Co. Inc.) 


this will cause a ** tens *’ clutch to drop out and the corres- 
ponding relay to operate, stopping the ** tens ’’ length-bar 
turret at the sixth position, i.e., it brings the 60-in. length 
bar into position. 

This procedure is repeated until all six clutches have 
dropped out, and consequently until all six length-bar 
turrets have been brought to their correct positions. The 
table drive is now started, and a projecting lug on the 
table encounters the first of the length bars and pushes 
it along until all six bars are stacked end to end ; at this 
juncture, a limit switch stops the table drive. The table 
is then positioned, and the drilling (or other) operation 
can proceed. 


MICROMETER 


BINDER 


The Schwartzkopff system, pro- 
DIAL duced by Berliner Maschinenbau 
AG, is set manually by means of a 
plug board, but a mechanical aid is 


PRECISION incorporated, enabling a large card 
eee to be punched on a desk machine in 


such a manner that the operator has 
only to fit the card over the plug 
CLAMP board and insert plugs where there 
are holes ; in other words, the opera- 
tor is not obliged to understand the 
ZERO functioning of the plug board. It is 
interesting to note that the measuring 
system is made under licence from a 
SCREW British firm, the Newall Engineering 
Company. 

The measuring bar of the B.T.H. 
system (Fig. 32) is of heavy construc- 
tion and carries enough “inch” 
units to cover the table movement. 
Each ‘“‘inch”’ unit is a I-in. steel 
block with a j-in. diameter hole 
drilled through it, and, in order to 
provide a continuous surface, the holes are filled with 
brass inserts, which are non-magnetic. The bar is pro- 
duced in a _ temperature-controlled room with the 
reference holes 1:0000 + 0°0002 in. apart. A final screw- 
driver adjustment is available, which alters the position 
of an asymmetrical steel slug in the bar, this operation 
preferably being performed in situ. 

In the Pratt & Whitney system, the master measuring 
bar derives its l-in. spacing by milling out and grinding a 
series of 4-in. recesses at a l-in. pitch (Fig. 33), the cumu- 
lative error being only 0-00002 in. The bar is supported 
throughout its whole length in a dovetail guide and is 
fixed at one end only. The Pratt & Whitney Company 
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Fig. 34. Block diagram of the 
B.T.H. control system. 


ELECTRONIC CUBICLE 























SERVO 
AMPLIFIER 














SYNCHROS 


GEARS 


DIFFERENTIALS 


> CLUTCHES 











392 





a HAND DIALS 


0 0001" 


CONTROL OESK 


THE ENGINEERS’ DIGEST 




















Fig. 35. Control desk of the B.T.H. positioning system 
(Courtesy of British Thomson-Houston Lid.) 
feels that it can develop a master measuring bar of greater 
accuracy than that of existing optical systems. 

In both systems, location to the nearest inch is achieved 
by means of the measuring bar and an electromagnetic 
head which generates an electrical voltage providing a 
misalignment signal to the control system, until it ts 
aligned with the centre of one of the brass inserts (B.T.H.) 
or castellations (Pratt & Whitney). In both systems, 
the decimal or fractional parts of an inch are obtained 
by moving the sensing head along its precision micro- 
meter screw by the desired fraction. For example, if a 
movement to the left of 16°8735 in. is required, the main 
drive moves the table through a distance of 16 in. to the 
left ; meanwhile, the sensing head is moved 0°8735 in 
to the left along its micrometer screw, and thus the table 
has to move a further 0°8735 in 
before alignment between the meas- 
uring bar and the sensing head is 
achieved. When this alignment is 
realized, the table stops. 

Fig. 34 shows a block diagram 
of the B.T.H. system, while Fig. 35 
is a photograph of the control desk. 
At the lower left-hand corner of 
this desk is the reader for the 
punched cards, which are of un- 
tearable material and are punched 
in a small hand machine, using con- 
ventional decimal coding. As an 
alternative, the two co-ordinates, 
i.e., the table and the spindle slide, 
may be set up by the two rows of 
six decade switches seen at the 
lower right of the control desk, but, 
in either case, the information 
enters the system via the decade 


Fig. 36 The B.T.H. positional-control 
system applied to a Kearns horizontal 
boring machine 
(Courtesy of British Thomson-Houston Lid) 
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switches; the method can be reversed, so that the machine 
tool acts as a two-co-ordinate measuring machine, the 
switch dials indicating the amount of table movement 

In the B.T.H. system, when the required co-ordinate 
has been set up on the six dials (Fig. 34), the input 
synchros S;, Se, Ss, and S,4 are rotated through suitable 
gearing and give misalignment signals in co-operation 
with the corresponding output synchros T;, Te, Ts, and 
Ty The “decimal” dimension is defined by shaft 
rotation of Se, Ss, and Sy, which causes the servo 
amplifier A to operate motor M;, until Se-Te, S»s-Ts, and 
S.-T, are in alignment. An accurate micrometer screw 
shifts the electromagnetic unit via gearing through the 
required * decimal” dimension 

The * integral-inches ™ part of the desired co-ordinate 
(with a contribution from the decimal part) gives a rota 
tion of synchro S; which ts interconnected with synchro 
T; geared to the !eadscrew. A misalignment signal from 
$:-T: controls servo-amplifier C, and, by means of motor 
Me, brings the table to within about 0-2 in. of the desired 
position, the traverse speed being maintained at about 
120 ipm until the last inch or so of travel is reached, after 
which the speed is progressively reduced. Control of Me 
is now transferred (via servo-amplifier B) to the electro 
magnetic head. The control signal from the latter drives 
Me until the poles of the magnetic head are aligned 
opposite the nearest hole in the bar 

The B.T.H. system has been applied principally to 
Newall jig-boring machines and to Kearns horizontal 
boring machines. Fig. 36 shows a Kearns No. 0 hor 
zontal boring machine, with a planer-type table, equipped 
with B.T.H. positional control. This machine has been in 
service for some time at the Leicester factory of the 
British United Shoe Machinery Company Limited 

A block diagram of the Pratt & Whitney system is 


— 


shown in Fig. 37, from which it will be noted that the in 
formation is supplied by means of punched tape This 
tape is decimally coded, since the company feels that the 
operator should be able to read information from the 
tape, if he so desires. As in the B.T.H. system, the co 
ordinates can be set up manually by means of decacdk 


switches (visible on the desk in the foreground of Fig. 38) 
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Fig. 37. Block diagram of the Pratt & Whitney oad 
positioning system. 
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there is a digital-to-analogue conver- 


sion for both coarse and fine posi- 
tioning, and the angular rotations of 
the table leadscrew and the sensing- 
head leadscrew are fed back from 
potentiometers. For fine positioning 
the analogue voltage of the decimal 
fraction of the inch is compared with 
the voltage fed back from the ond 
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ting the servo-motor which drives the micrometer lead- 
screw. To reduce the effects of backlash, final positioning 
of the table is always effected in the same direction, the 
velocity variation being as shown in Fig. 39. To accom- 
plish the overshoot required when positioning from right 
to left, an extra voltage is added to the analogue voltage 
for the distance to be moved. Within 0-25 in. from the set 
point, the cycle of velocity variation is the same for 
positioning from either direction. 


Systems using Optical or Diffraction Gratings 


The oldest system using optical or diffraction gratings 
is the Ferranti system, which is, however, fundamentally 
a continuous contour system and is not ideally conven- 
ient for indiscriminate use for either positional or con- 
tinuous contour control. The situation is largely that the 
Ferranti Company is prepared to develop a special posi- 
tional control variation of the system, but it has invested 
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a considerable amount of capital in developing numerical 
control (as much as any company and more than most), 
and it prefers to be reasonably certain of the interest in 
this field before burdening the financial side of the 
development programme even more heavily. 

The measuring element for identifying the table posi- 
tion is a diffraction grating carrying a known number of 
lines per linear inch (usually from 500 to 2500, depending 
on accuracy), the lines being perpendicular to the length 
of the grating. When two sections of such a grating are 
superimposed with a very small angle of mutual inclina- 
tion, a moiré fringe pattern is produced, as shown in Fig. 
40. The distribution of intensity of this pattern is ap- 
proximately sinusoidal, and the system is effectively a 
method of magnifying the spacing of the lines on the 
grating. 

If one grating moves longitudinally relative to the other, 
the fringe pattern moves at right angles to the direction 
of relative movement in a sense uniquely associated with 
that of the relative move- 
ment. The basis of the 
measuring element is a 
photo-electric cell, which 
** observes *’ a small sta- 
tionary area of the fringe 
pattern and = generates 
pulses of electricity as the 
pattern moves across the 
observation area, thereby 
creating alternations of 
light and darkness. 


Fig. 38. The Pratt & Whitney 
system applied to one of their 
jig borers. 

(Courtesy of Pratt & Whitney 

Co. Inc.) 
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Fig. 39. Graphical representation of the final positioning of the moving 
member in the Pratt & Whitney system. 


In order to discriminate direction, the system actually 
observes two points in the fringe pattern which are an odd 
number of quarter wavelengths apart, i.e., 90 electrical 
degrees. This produces a two-phase system which dis- 
criminates direction in the manner already described 
The standard gratings have 500, 2500, and 5000 lines per 
inch and give resolutions of 0-001 in., 0-0002 in., and 
0-0001 in., since the measuring system gives rise to two 
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Fig. 40. Formation of moiré fringe patterns 


electrical impulses per band—one when the brightness 


has increased beyond the threshold value, and the other 
when it has decreased below the threshold value 

The system employs a d.c. amplifier but, although 
d.c. amplifiers are more troubled with drift than a.c 
amplifiers. Ferranti have not found that their use gives 
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rise to problems of any magnitude. The reason for the 
large number of lines per inch on the gratings is that 
resolution is not significantly greater than the line spacing 
and, as a d.c. system is used, frequency multiplication 
cannot be employed to improve resolution 

In England, the Brush Electrical Engineering Com 
pany Limited has developed a system using diffraction 
gratings, in which a d.c. amplifier is not required and, by 
means of frequency multiplication, can give a resolution 
considerably finer than the spacing of the lines ruled on 
the grating. This system employs three gratings, one of 
which is ruled around the periphery of a drum, which is 
driven at a constant angular velocity 


ii} 
Diagrammatic arrangement of the optical elements of the 
Brush positioning 5) stem 


Fig. 41 


Fig. 41 shows the arrangement diagrammatically 
The rotating drum A is slightly longer (axially) than the 
combined width of the two linear gratings B and ¢ 
Grating B is only a few inches long and 1s fixed relative 
to the drum, while grating C has a length slightly greater 
than the traverse to be controlled and moves relative to 
the drum ; for example, grating C might be attached 
along the edge of the machine table, in which case the 
rotating drum A and grating B assembly would be the 
fixed member. As in any mouré fringe system, the three 
gratings have a siight mutual inclination, and a source of 
light E is provided 
photo-diode units D are required 
fringe patterns to be counted 

The light passing through grating B forms a fringe 
pattern at the point of tangency with the drum, the fre 
quency of fringes being determined by the peripheral 
velocity of the drum and the spacing of lines in the 
gratings 
output from the photo-diode is produced and is regarded 
The fringe pattern produced by 


; however, in the Brush system, two 
since there are two 


As a result, approximately sinusoidal voltage 


as the reference voltage 
grating C also causes its photo-diode to give a sinusoidal 
voltage output bul, as soon as the table begins to move 
this voltage gradually moves out of phase with the refer 
ence voltage, being one complete cycle out of phase after 
a relative movement virtually equal to the spacing of the 
diffraction lines 

The control unit 1s fed with the two output voltages 
from the two photo-diodes in the measuring head, as 
shown in Fig. 42 
and squaring, i.c., the sinusoidal shape must be converted 
to a square shape. The voltage from the photo-dwxck 
corresponding to grating ( 
through an clectronic differentiating circuit which thus 
produces pulses (of opposite sign) at the front and rear 
ends of each square wave. The reference voltage, ic 
that from the diode corresponding to grating 8, «= passed 


These voltages require amplification 


in Fig. 41 m» then passed 
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Fig. 42. Block diagram of the Brush system of positional control 


through a ‘‘ gating wave-form generator *’, which elec- 
tronically produces four square-wave pulses (A), (B), 
(C), and (D) (at 90 deg. intervals) for each cycle, in effect 
doubling the resolution of the system. 

These two signals are now fed to a 
circuit of flip-flops and ‘‘or”’ and 
** aND ”’ gates, whose effect is to produce 
an output of pulses in which one positive 
or negative pulse represents a unit of 
positive or negative movement.  Inci- 
dentally, it should be understood that an 
electronic gate is somewhat similar to a 
hydraulic valve in that it may have two 
or more input lines x, y, z, etc. and a 
single output line. An “AND” gate 
produces a signal on the output line if all 
the signals on the input lines are present 
simultaneously, i.e., x and y and z, etc. 
An “ or” gate produces a signal on the 
output line if either the x or y or z, etc. 
signal is present. 

These pulses are fed to a panel having 
six dekatron counters, together with set- 
ting and direction switches. At the pre- 
sent stage of development, the co- 
ordinates are set by means of switches, 


Fig. 43. The Mullard optical control system 
applied to a Coventry Gauge & Tool Co. 
* Matrix "’ jig borer. 

(Courtesy of Mullard Equipment Ltd.) 
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but the extension to tape control is obviously possible. 

Flip-flop (1) is operated by the sign of the pulses and, 
in this simple manner, the direction of movement is 
accounted for. The pulses, after passing to the counter 
unit, subtract continuously from the figure set up by the 
switches, and 10 digits (normally this will mean 0-010 in.) 
before the required position, the “ AND” gate A opens, 
causing flip-flop (2) to open the “ AND” gate B and to 
condition the “ AND” gate D. Prior to this stage, flip- 
flop (2) has caused the ** or ” gate C to pass a level vol- 
tage to the hydraulic control valve, but, when the ** AND ” 
gate B opens, a voltage which decreases in ten discrete 
steps is passed through the “* or ” gate C to the hydraulic 
valve. These steps correspond to the 10 digits referred to 
above, and the table is thus brought gradually to rest. On 
the last digit, the “* AND” gate D opens and feeds a signal 
to the hydraulic valve, which cancels any previous signal 
from the “ or” gate C, and the table stops moving. 

Initially, the dekatrons are set to zero in the datum 
position, so that accurate positioning of the table before 
commencing a cycle of operations is not necessary. The 
system was developed to work in conjunction with a 
hydraulic control valve developed by the Gloster Aircraft 
Company and referred to previously [1]. 

The intention of the Brush Company was to develop 
a system of average resolution and accuracy, for which 
they consider there is a very big field, despite the general 
tendency to think only in terms of high accuracy for 
numerical control applications. 

The Mullard Company also has a system using 
diffraction gratings, and this was developed for the 
* Matrix” No. 150 jig borer of the Coventry Gauge 
and Tool Company, shown with its control unit in Fig. 
43. At the moment, the system has no closed loop, and 
the operator has to position the table manually, using 
the system as a precision indicator. However, it is not 
intended to market any units in this form, and develop- 
ment of a punched-card input system is almost complete. 

The length standard for the system is a steel buttress 
scale, i.e., a solid steel bar having a sawtooth form cut 
into it at a pitch of 0-1 in. The maximum adjacent pitch 
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error is 000002 in., and temperature effects are reduced 
by making the scale of the same material as the remainder 
of the machine. 

The optical part of the system has to interpolate this 
0-1-in. basic step with units of 0-0001 in. For this purpose, 
a glass scale is employed. with 1000 lines ruled over a dis- 
tance of 2 in. By means of an optical lens system this is 
reduced in the ratio of 20:1, and the 1000 lines fit into an 
apparent distance of 0-1 in. Fig. 44 shows the two- 
dimensional system diagrammatically. The light from a 
common source is reflected by two 45-deg. mirrors 
through a scanner disc, whose object is to provide a beam 
of light, 0-001 in. in width, which scans the interpolation 
scales at a constant speed. The narrow width of beam is 
obtained by using four cylindrical rod lenses which are 
carried by the planet wheels of an epicyclic gear train, 
whose tooth numbers are so adjusted as to give no abso- 
lute rotation of the planet wheels. Thus, the interpola- 
tion scales are continuously scanned at a constant speed 
These interpolation scales are the optical gratings re- 
ferred to previously. 

Where the narrow beam of light 
passes through a clear portion of the 
scale, it is transmitted via mirrors to the 
buttress scale and an edge-detecting 
photo-cell. Light interrupted by the 
opaque ruled lines is reflected to a pulse- 
detecting photo-cell. The edge-detecting 
photo-cell commands an_ electronic 
counter to count the pulses from the 
pulse-detecting photo-cell. This com- 
mand, in effect, causes pulse-counting to 
be commenced at some integral multiple 
of 0-1-in., and thus the pulses correspond 
to the interpolation of the 0-1-in. basic 
subdivision. A comparison is made of 
the pulses counted with the number of 
ten-thousandths of an inch set up on the 
switches, and a display of seventeen j 
lamps gives a visual indication of the 
error, the centre lamp of the seventeen ‘!@T SOURCE 


UNINTERRUPTED LIGHT 
PASSING TO MIRROR 


MIRROR REFLECTING 
INTERRUPTED LIGHT ONLY 


Hy % 


SCANNER DISC. @ 





45° MIRRORS 


than is possible with a 1-out-of-5 coding of the five columns 

The numerical commands pass to the controller 
where they are compared with the information fed back 
from the transducer, which converts tne linear or angular 
movement into a number of pulses, cach pulse corres 
ponding to a definite table movement The distance 
represented by each pulse is, of course, the linear resolu 
tion of the system 

The company has developed a rotary pulse transducer 
giving 1000 pulses per revolution ; 
10-tpi leadscrew, this gives a resolution of 0-000] tn., but 
obviously the accuracy of the overall system, including 
the machine tool, would not be commensurate with this 


in conjunction with a 





figure. An alternative method of sensing the table p 
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corresponding to zero error. Fig. 44. Schematic diagram of the Mullard two-dimensonal optical system 


Another firm entering the field of positional control 
is Ericsson Telephones Ltd., whose Instrument Division 
has developed a system of numerical control based on an 
optical pulse-counting technique, which does not require 
the use of diffraction gratings. Standard 5-channel 
punched tape is the storage medium, four channels being 
used for encoding the numerical information in pure 
binary form. It will be recalled that the only other sys- 
tem which uses pure binary coding for the input informa- 
tion is that of the Barnes Engineering Company and 
employs a 32-channel punched tape, 15 channels being 
reserved for the numerical information corresponding to 
each axis. The Ericsson system avoids this by reading 
a “ block ” of information consisting of 16 holes, i.e., 
four rows of the four columns marked (a) to (d) in Fig 
45, which shows a portion of an Ericsson tape. In this 
tape, the hole patterns for what are called the X and } 
addresses are merely indications to the tape-reader that 
blocks of information concerning an X or Y co-ordinate 
are about to be read. The fifth channel (p), marked 
“ parity bit column", is used to check the correct read- 
ing of the tape and also the correct storage 
the numerical] information for a given point are any func 
tional commands, such as “ operate and “ datum" 
for which a 2-out-of-5 or a 4-out-of-5 coding system 1s 
used, so as to provide a larger number of combinations 


Follow ing 
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tion is to drive the transducer through a precision rack 
and pinion, in which case a rather better accuracy for the 
same standard of manufacturing components would be 
obtained, but, with the present transducer, the linear 
resolution could not be better than about 0-004 in., owing 
to the limiting size of the pinion 
Vr" _ Pamity 81T COLUMN 
oebcdé o4 


x ADORESS 


| > Oata 


OPERATE 
batuw 
big 4* Section of tave weed m the 
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Work is proceeding with the object of improving the 
angular resolution of the transducer. It should, however 
be noted that, where a higher accuracy ™ required, th 
company proposes to sense table position directly by 
means of diffraction gratings, which are, of cours 
ideally suited to a system based on pulse-counting tech 


niques 
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Fig. 46. The potentiometer system of the Wang control unit. 

The Japanese Government Mechanical Laboratory 
is developing a system with coarse and fine transducers 
of an optical type. Coarse detection is effected by opti- 
cally counting the graduations on a main scale, the 
spacing of these graduations being 0-040 in. Fine posi- 
tioning is accomplished by counting moiré fringes gener- 
ated by a diffraction-grating system mounted on an 
attachment to the main carriage and capable of detecting 
to 0:00004 in., with an accuracy of about twice this figure. 

The information is fed to the control unit by means 
of 6-channel standard Japanese teleprinter tape. A 2- 
out-of-5 code is used for the punched holes, and a 
second tape gives instructions regarding the sequence of 
the holes coded in the co-ordinate tape. 





Fig. 47. The Ekco control system applied to a drilling machine, showing (left) 
the control panel, (centre) the transverse traverse unit, and (right) the longitudinal 
traverse unit. (Courtesy of Ekco Electronics Ltd.) 
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In this system, a hydraulic servo and an induction 
motor are used for coarse positioning of the X and Y 
axes respectively, whilst for both axes fine positioning is 
by d.c. shunt motors. 

It will be appreciated that, if the anticipated accuracy 
is achieved, this will be one of the most accurate systems 
known, although experience with the well-tried Ferranti 
system, which also uses moiré fringes, would suggest that 
the design of the machine will have to be very carefully 
considered. The policy of the Brush Company with 
regard to accuracy has already been pointed out, but the 
other three systems described all give Class 1 accuracy. 


Systems using Potentiometers 


All systems employing potentiometers may be des- 
cribed as electrical, rather than electronic, and their 
accuracy is medium to high, i.e., Class 1 or 2. 

No standard model of positional control system 
using potentiometers is produced by Wang Laboratories 
Inc., but this firm undertakes to develop systems to fit 
particular applications. The basis of these systems is a 
position-identifying device consisting of three potentio- 
meter resistances, tapped and joined to three switch-decks 
with wipers coupled through gearing to the leadscrew, as 
shown in Fig. 46. The first switch-deck has 10 contacts 
and senses the tens figure, whilst the second deck has 100 
contacts and senses the units and tenths of an inch figures, 
both decks effectively counting rotations of the lead- 
screw, which has a pitch of 0-1 in. The third deck also 
has 100 contacts and divides one leadscrew revolution 
into 100 parts, thus providing the hundredths and thou- 
sandths of an inch figures. The system is so designed that 
the output from the first deck overrides the outputs from 
the other decks until the table is positioned to the tens 
figure ; control later passes in a similar way 
from the second to the third deck. 

The system marketed by the Reeves In- 
strument Company converts the digital in- 
formation from 6-channel tape into voltage 
analogue form immediately after reading it. 
These voltages act as fine and coarse refer- 
ences and are compared with the output 
voltages from coarse and fine potentiometers, 
whose contact arms are driven by the table 
through a rack and pinion. 

The error signal between the coarse refer- 
ence voltage and that from the coarse trans- 
ducer potentiometer operates a servo-motor 
which moves the table so as to reduce the 
error signal. When the error signal reaches a 
limiting (small) value, control is changed to 
the fine system. The fine transducer is actu- 
ally an induction potentiometer having two 
windings and producing two separate output 
voltages at 90 deg. to one another ; it is not, 
however, a synchro, in the strict sense of the 
word, since its output voltages vary linearly 
with table position and thus do not provide a 
sine-cosine analogue. 

The system produced by Ekco Electronics 
Ltd. employs a Wheatstone-bridge circuit in 
the control system. One arm of the bridge is a 
master tapped potentiometer, which is set, by 
means of knobs, to the desired measurement. 
These knobs and the number display can be 
seen on the control panel at the left of Fig. 47. 
The servo-head contains six potentiometers, 


THE ENGINEERS’ DIGEST 








{known as slave potentiometers), three of which, corres- 
ponding to the three most significant digits, are driven 
through gearing from a large servo-motor, while the 
other three, corresponding to the three least significant 
digits, are driven from a small fine-positioning motor. 
These slave potentiometers are connected in a second 
arm of the bridge. The drive continues until the bridge 
is balanced, so that the bridge detector is effectively the 
comparator of the command and feedback voltages. 

Development work is in hand to provide, in the form 
of punched cards, a permanent storage, which will be a 
separate unit that can be fitted to an existing manual 
control system. 


Miscellaneous Systems 


Under this heading are grouped various systems 
which, strictly speaking, do not fall into any of the pre- 
vious categories. Thus, the Research Corporation of the 
Warner & Swasey Company has developed a system 
which is available in two forms, depending on whether 
the user wishes to connect the measuring head to the 
leadscrew (or other main drive) or to keep the measure- 
ment quite independent of the table drive. In the latter 
case, the measuring head carries a pilot slide which, by 
means of a ratchet and pawl, can be set accurately to 
integral multiples of one inch. The setting of the least 
significant figures is performed with the aid of a high- 
precision micrometer screw which is also tape-controlled. 

The main drive is started and continues until final 
positioning is achieved by means of a sensitive limit- 
switch between the table and pilot slide. Given a suitable 
machine tool, this system will position to a high accuracy 
and, in fact, most of its applications have been to the more 
precise machine tools, such as jig borers and grinders. 

The Jacy system of the Modern Engineering Service 
Company is applicable to single-axis rotary motion or to 
multi-axis linear motion. However, to date it has been 
applied only to rotary motion. The rotary table is integral 
with a high-precision worm-wheel, which is driven by a 
conjugate on the dual-lead principle. 
The worm has, in fact, a slightly 
different lead angle at the entrance 
portion of the thread than at the 
exit end, and thus the tooth form 
tapers slightly from one end to the 
other, automatically effecting a 
locking action when the table is 
stopped. In practice, the system is 
adjusted for zero backlash. 

The drive shaft to the worm also 
carries a master index plate with 
four lobes accurately spaced at 90 
deg. As each lobe passes a special 
electronic valve (known as a mag- 
netron beam switching tube), an 
electrical pulse is produced and is 
fed to an electronic counter. Since 
one revolution of the worm corres- 
ponds to 4 minutes of arc of table 
movement, each pulse represents a 
table movement of | minute. Five 


Fig. 48. “Hydroptic’” model 6A jig-boring 
machine with playback system 

(Courtesy of Societé Genevoise d' Instruments 

de Physique) 
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decade counters record movements up to 360 deg 

21,600 minutes, in steps of | minute. A unique 
feature of the system is that, on the last pulse, the system 
is mechanically locked in the correct position by ener 
gizing a shot-pin which locates the correct lobe of the 
master index plate and prevents any further motion 

A common operation in rotary-table work is to subd 
divide 360 deg. into a number of equal steps. Evidently 
with a resolution as fine as | minute, many such opera 
tions could be carried out exactly, i.e., to the accuracy of 
the table and drive. However, certain numbers could 
occur (particularly prime numbers) which would need 
decimal subdivision of | minute and, indeed, might easily 
involve recurring decimals. Clearly, this system, as it 
stands, is limited to a I-minute resolution, which, on 
each indexing movement, might not present a serious 
error but, when nearing its complete revolution, could 
give rise to a considerable cumulative error. To guard 
against this eventuality, the Jacy system has an extra 
counter in 0-1, 0-01, and 0-001 minute ; this counter 
does nothing to increase the resolution but prevents an 
accumulation of errors and continuously sums the error 
and decides whether the remainder is nearer to the pre 
ceding or succeeding minute of arc. This means that the 
table is always positioned to within 4 minute of arc, even 
though the resolution is only | minute of arc. The sys 
tem is fail-safe from the point of view that, if the com 
manded and measured number of pulses do not agree 
the table will lock, but no operation can be initiated 

In the systems described previously, the drive motor 
serves only the function of driving, a separate measuring 
and feedback system providing the “intelligence” to stop 
the motor at the required position. If, howevei, the motor 
could either incorporate the measuring system or render 
it unnecessary, then the feedback would not be required 
There appears to be only one system operating in this 
manner—the Teller ** Digitork " system, which employs 


a Stepping motor operating from pulses, the rotor moving 
through a precise angle for each pulse passed. Thus, a 
command to move a certain distance 1s given as a number 
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Fig. 49. The control console of the Société Genevoise system. 
(Courtesy of Société Genevoise d’ Instruments de Physique) 


of pulses which cause the rotor to move through the re- 
quired angle in a number of increments equal to the 
number of pulses. 

The motor has been fully described elsewhere [6] but 
brief details are given here. The stator of the motor is 
divided axially into three sections or phases. Each phase 
has 20 or 36 poles, depending on its power, and the poles 
of the three phases are aligned axially. Poles are wound 
so that alternate poles have opposite polarity. The rotors 
have the same number of poles as the stators and the 
same spacing, but overlap the poles of the preceding 
rotor by one-third of a pole width. By pulsing the three 
stator phases cyclically, in one direction or the other, the 
rotor is caused to turn in discrete 
intervals, either clockwise or anti- 
clock wise. 

Information may be supplied to 
the unit either by decimally coded 
punched tape, or by means of a tele- 
phone dial. These two methods may - 
be used individually (to give perma- 
nent or temporary storage) or to- 
gether. If necessary, the telephone 
dial may be located in the production oe » 
planning office. 

In the preceding sections, men- 
tion has several times been made of 
numerically controlled  jig-boring 
machines. The Société Genevoise 
d’Instruments de Physique, however, 
has decided that a playback or re- 
peater system is best suited to the 
jig-boring machine, for which, they 
maintain, the services of a skilled operator cannot be 
dispensed with. The “ automatic” jig borer is only 
automatic in that the sefting of the co-ordinates is auto- 
matic ; suitable clamping of the workpiece without de- 
formation, selection and adjustment of the cutting tools, 
and selection of cutting speeds and feeds are not auto- 
matic. In order to increase the overall operating effici- 
ency, however, the company has made available a repeat- 
ing device, or playback system, on their new ** Hydrop- 
tic ’’ machines, models 6A and 7A (Fig. 48). Co-ordinate 
setting is speeded up and repeatability, to the order of 







(6) A. G. Tuomas and F. J. FreiscHavuer : ** The Power Stepping 
Motor—A New Digital Actuator"; Control Engineering, January 
1957, page 74 
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0-00004 in., is better than that obtainable with a skilled 
operator. Although not a numerical control system, it 
has several interesting features, including an extremely 
fine position-identifying device, i.e., the photo-electric 
microscope which the company developed for dividing 
machines and the comparison of line standards, which 
will measure to an accuracy of 0-4 micro-inch. 

The system is quite simple from an operational view- 
point. After completing setting of the table, with the aid 
of the usual S.G.I.P. standard scale and optical system, 
the operator then sets the table and spindle-head selector 
switches and presses the “* record ” button on the control 
console. As can be seen from Fig. 49, thirty different 
settings may be recorded, but this number can be in- 
creased quite considerably if several of the settings have 
one co-ordinate in common. Pressing the “* record ” 
button causes local magnetization of a very small area of 
the periphery of each of two magnetic-memory drums, 
one of which (the approximate memory drum) is used for 
coarse positioning, while the other (the micrometer 
memory drum) records the setting of the micrometer, 
providing, in effect, the command information when the 
subsequent components are produced. 

Fig. 50 shows the variation of table or head saddle 
speed as the commanded position is approached. At 
about ? in. from the required position, the first slow- 
down occurs and position sensing begins. The photo- 
electric microscope has a limited discrimination and, to 
avoid ambiguity, two synchros are used for the coarse 
positioning ; during this period, the output of the coarse, 
and later the finer, synchro is compared with the com- 
mand information from the approximate memory drum, 
thus producing an error signal which is amplified and 
used to control the table (or head saddle) traverse motor. 
DESIRED 
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Fig. 50. Graphical representation of the variation in table (or saddle) speed, during positioning 


with the Société Genevoise system. 

At approximately 0-02 in. from the position to be 
repeated, control passes from the synchro and approxi- 
mate memory drum to the photo-electric microscope and 
micrometer memory drum. The photo-electric micro- 
scope senses an engraved line on the standard scale 
(which is attached to the table) and determines the 
amount of unbalance in the intensity of light which it 
receives. When the intensity of light is balanced, the 
microscope is aligned. About 0-0001 in. before the re- 
quired position, the photo-electric microscope gives its 
last signal, causing a brake to stop the moving member. 
The delay time between the signal and the cessation of 
motion is not only very short but is also remarkably 
constant. 
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‘OSB’ 


HORIZONTAL SPINDLE 


Easy and simple operation. 


SURFACE GRINDING MACHINE Built-in motor drive to grinding wheel spindle. Motorised 
automatic pump lubricating system and simple bearing 

This machine is designed for work assembly give a high precision spindle capable of heavy 

requiring extremely accurate and grinding cuts. 

highly finished flat surfaces. Besides Variable hydraulic cross feed to wheel. Pre-set automatic 

being ideal for toolroom work and cut-out and automatic reverse. 

for die grinding, the Model ‘OSB’ Fine and coarse vertical feed. 

can be used to advantage in the Massive cross slide underneath wheelhead column gives 

production line. High rates of output large area of support and maximum stability 

are obtainable. Built in three sizes Hydraulic table traverse up to 90 feet per minute. Hand 

with work tables 30in. by 10in., 42in. traverse interlocked with hydraulic control 

by 10in. and 60in. by 10 in. Permanently protected precision ground table slideways 


Table traverse ways, wheelhead cross slideway and cross 
feed gears and mete automatically lubricated from oi! 
supply independent of hydraulic system. 


THE CHURCHILL MACHINE TOOL CO. LTD. BROADHEATH, NR. MANCHESTER 
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) a plain 


With steadily-rising labour costs, 
every non-essential operation 
along the production line assumes 
increasing significance. One of 
these recurring operations has been 
the precision thread-cutting of 
screw holes, which, in assembly, 
have (equally precisely) to be 
registered together. 


advantage 


screw eliminates all this, and 
permits assembly by less-skilled 
labour. And the cross-recessed 
head version is designed for use 
with power-drivers — without a 
scratch of damage to worker or job. 


But the tapping, self-locating | 


The tapping screw is demonstrably 
quicker — cheaper — stronger 

safer than the conventional machine 
screw. 

Such plain advantages pay such 
handsome dividends! 


tapping screws 














LINREAD LTD, cox ST. BIRMINGHAM 


SLOTTED AND PHILLIPS RECESSED HEAD MACHINE SCREWS AND TAPPING SCREWS e@ HIGH TENSILE HEXAGON HEAD BOLTS AND 
SETSCREWS e@ AIRCRAFT BOLTS, SCREWS AND RIVETS @ SEMS @ RIVNUTS e CUSTOM DESIGNED COLD FORGED FASTENERS 
ALEX SCREWPLUGS. 
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High-Strength Non-Magnetic Alloys 


By H. BERNSTEIN. (From Materials in Design Engineering, U.S.A., Vol. 48, No. 2, August 1958, pp. 104-106 
2 illustrations.) 


IN many applications, it is important that critical mag- 
netic devices should not be magnetically affected by the 
materials used in nearby structures, equipment, and 
tools. A number of non-magnetic non-ferrous metals and 
stainless steels are available, but the strength and other 
mechanical properties of these materials are often in- 
adequate. In many applications, there is a need for non- 
magnetic alloys with tensile strengths of about 200,000 
psi, with approximately 5°,, elongation, and the alloys 
which come closest to achieving these values are discussed 
in this article. 


ALLOYS CONTAINING COPPER 


A beryllium-copper alloy containing 2°,, Be and 98°, 
Cu can be used in applications where a non-magnetic 
material with moderate strength is required. The perme- 
ability of this alloy is 1-001, and it can attain a strength 
of 175,000 psi after standard heat treatment, and about 
200,000 psi after cold-working and heat treatment, with- 
out altering permeability, but elongation averages less 
than 2°... Variations in heat treatment, intended to 
improve ductility, have not been successful. 

The 2°,,Be/98°Cu alloy normally contains a small 
amount of iron impurities which largely determine its 
magnetic properties. The effects of iron on magnetic 
properties can be controlled by varying the solution- 
anneal temperature. For example, the permeability of 
beryllium-copper containing 0°5°,, iron by weight is over 
1-01 after a normal solution-anneal at 1450 F. However, 
permeability is reduced to 1-001 after solution-annealing 
at 1550°F. After heat treatment, the magnetic properties 
of this alloy are relatively unaffected by short-time 
exposure to temperatures up to 900 F. 

Somewhat higher strengths can be obtained with a 
beryllium-copper alloy containing 2:75°,, Be. Standard 
heat treatment has produced tensile strengths of over 
200,000 psi, but, here again, the usefulness of the material 
is limited in high-strength applications by its low ductility. 

Detrimental eddy-current effects have sometimes been 
encountered when using fairly large flat shapes of beryl- 
lium-copper. In such cases, materials with higher re- 
sistivity values, such as the copper-nickel-manganese and 
the titanium-aluminium-vanadium alloys, have proved to 
be acceptable substitutes. 

An alloy containing 20”,, Cu, 20°,, Ni, and 60",, Mn 
combines low permeability (about 1:002) with high 
strength and adequate ductility. Some forging difficulties 
have been encountered with large ingots, but the alloy 
hot- and cold-works easily in small sections. It offers no 
machining problems and is readily welded and soldered 

Unlike beryllium-copper, this alloy has a high mag- 
netic tolerance for iron, and its magnetic properties are 
unaffected by heat treatment. Iron contents of up to |! 
can be tolerated with no change in magnetic properties 
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The maximum tensile strength of the alloy varies from 
200,000 to 215,000 psi, depending on the method of 
processing 


ALLOYS CONTAINING COBALT 


The magnetic properties of * Elgiloy ", an alloy con- 
taining 20°,, Co, 16°,, Cr, 18°, Fe, 7°, Ni, and 42°, Mo 
are generally satisfactory However, for unknown 
reasons, these properties are variable and occasionally 
unacceptable. Permeability can vary from 1-003 to as 
high as 1-01 

This alloy is not heat-treatable, but by suitable pro 
cessing it can be produced in tensile strengths ranging 
from 120,000 to 265,000 psi. It may readily be cold 
worked, but is not amenable to press- or hammer 
forging. Metal-cutting operations are difficult, but the 
material can be machined satisfactorily if the proper tools 
and practices are used 

* Haynes 25", an alloy containing 20",, Co, 18°, Cr, 
10°,, W, and 55°, Ni, can be used in either the annealed 
or cold-worked and age-hardened condition, and has a 
magnetic permeability of 1-001 in all tempers. This alloy 
has a tensile strength of 150,000 psi and an clongation of 
60”, after annealing. Tensile strengths up to 320,000 psi 
and an elongation of 2 are obtained after cold-rolling 
(50°, reduction) and ageing. The material is particularly 
useful in applications where localized areas of high hard 
Ness are: required 


TITANIUM ALLOYS 

Titanium alloys have excellent non-magnetic proper 
ties because of their paramagnetic characteristics. Thus, 
a titanium alloy containing 2 Al and 2 Fe has a 
permeability of less than 1-001 in all tempers, with 
negligible remanence This alloy can develop tensile 
strengths up to 200,000 psi by suitable heat treatment 

Despite these advantages, the use of titanium in non 
magnetic applications has been held back by its com 
paratively high cost and by fabrication problems. These 
objections may be overcome in the future, but at the 
present time the material is not too popular for non 
magnetic uses 


STAINLESS STEELS 


In an annealed temper, type 304 stainless steel 
(18-20 Cr, 8-11 Ni) has low permeability and 
remanence. However, its strength 1s comparatively low 
(75,000 psi). Since this alloy does not respond to heat 
treatment, its strength can only be raised by cold-working 
which unfortunately produces a phase change in the 
material and increases permeability. Thus, the perme 
ability of the alloy in the annealed state » about 1-001 
but rises to 1:10 after 10°... cold-working 

(Concluded on page 412) 





The Machining Characteristics of Beryllium 


By D. R. WALKER. 


EXHIBITING an elastic modulus 40%, higher than that of 
steel, a strength/weight ratio 30°, greater than that of 
titanium, a density comparable with that of magnesium, 
electrical and thermal conductivities roughly 40°%, those 
of copper, and a relatively high melting point of 2345°F, 
beryllium is a metal possessing a remarkable combin- 
ation of properties. In fact, beryllium, which is currently 
used in X-ray windows, neutron sources, and moderators, 
and as an alloying element in copper, may well become 
an important structural material for aircraft and related 
applications, if problems connected with its high cost 
and lack of ductility can be solved. 

Although beryllium can readily be machined, special 
precautions and procedures must be observed to prevent 
health hazards caused by the toxicity of the metal and its 
compounds. Wherever possible, the use of cutting fluids 
should be avoided, so as to permit easy collection and 
evacuation of chips by a vacuum system and to prevent 
contamination and devaluation of the chips as scrap 
material. 

Beryllium-machining chips are generally partially 
continuous, consisting of discontinuous segments which 
reweld to each other after separation. The chips are 
thus extremely brittle and easily broken. When machining 
is effected at extremely high or very low speeds, or when 
tools having low or negative rake angles are used, chips 
are sometimes completely discontinuous. 

The side of the chip which has been in contact with 
the tool does not have the burnished, shiny appearance 
found when cutting many conventional materials, but 
is instead extremely rough and contains many cracks. 
This rough surface is caused by a stick-slip phenomenon 
and the periodic formation and breakdown of a built- 
up edge on the tool point. At speeds above about 300 
sfpm, the tendency to the formation of built-up edges 
diminishes, and the surface finish of both the work and 
the chip improves. 


Fig. |. Photomicrograph of a typical beryllium chip. ( « 75) 


Photomicrographs of typical beryllium chips show 
that chip formation is primarily a brittle process. Fig. | 
is a photomicrograph of a chip from beryllium machined 
at 140 sfpm with a high-speed steel tool, using a feed 
of 0:0104 in. and a depth of cut of 0-100 in. Many parti- 
ally rewelded cracks can be seen, together with some 
plastic flow and twinning, particularly on the sides of the 
chips that were in contact with the tools. Roughness 
produced by stick-slip motion of the chip along the tool 
face is also evident. 

In general, machined beryllium surfaces improve in 
appearance and in smoothness with increasing tool rake 
angle. Rockwell hardness tests made on machined 
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surfaces show no significant variations with tool rake 
angle or depth of cut. 

Turning cuts have been made at depths as high as 
0-100 in. and with feeds as high as 0-015 in. Tungsten- 
carbide tools having side rake angles as high as + 20 deg. 
and high-speed steel tools with side rakes up to + 35 deg. 
have been used without tool chipping. Cutting conditions 
appear to improve steadily with increasing rake angle. 
Carbide tools have been operated for short times at 
speeds up to 1000 sfpm, and high-speed steel tools have 
been used at speeds as high as 300 sfpm without immedi- 
ate failure. Ceramic tools of standard negative-rake 
geometry have also been used successfully. 


PHOTOGRAPHIC STUDIES OF THE CUTTING PROCESS 


A motion-picture study of extremely-slow-speed 
beryllium machining has been made, using a milling 
machine to achieve a planing action, with cutting speeds 
of less than 2 ipm. Cutting phenomena were recorded as 
functions of tool rake angle, depth of cut, and cutting 
fluid. 

These films show that chip formation was discon- 
tinuous, but that chip segments tended to stick together 
to form a partially continuous chip. Chips were formed 
partly by conventional plastic shear but mostly by a 
brittle-type splitting action. Surface crack formation 
was observed. Friction beiween chip and tool appeared 
high at the low speeds used, and a stick-slip action was 
seen. Frequent formation, destruction, and reformation 
of a built-up edge were evident, as was the effect of such 
a built-up edge on chip formation and surface finish. The 
use of high rake angles and low depths of cut was seen to 
improve the cutting action and resultant surface finish. 
Carbon tetrachloride as a cutting fluid seemed to have 
little or no effect on the cutting process. 

In addition, a photographic analysis of beryllium 
machining at normal speeds has been made, using a still 
camera and spark illumination. The camera and light 
source were mounted on the cross-slide of a lathe and 
moved with a tungsten-carbide tool, as the latter was fed 
radially into a 3-in. diameter ** spool ”’ of beryllium. 

These photographs of the behaviour of beryllium at 
normal machining speeds (50 to 600 sfpm) showed sub- 
stantially the same phenomena as those noted in the 
motion-picture studies of slow-speed machining. Com- 
pletely plastic, continuous chip formation was not 
observed in the range of speeds used. 


SURFACE DAMAGE BY MACHINING 

An investigation has been made to determine the 
influence of machining depth of cut on surface damage. 
In this connection, it had been reported that surface 
cracks, approximately equal to the depth of cut, were 
caused by machining operations on beryllium, and it was 
considered possible that such cracks, formed by a rough- 
ing-type operation using a larger depth of cut, might 
propagate to greater depths if subsequent operations of 
comparable severity were used. 

A specimen surface was produced on QMV beryllium,* 
using a conservative * safe’ procedure, consisting of 
consecutive passes of decteasing severity, having depths 
of 0-124 in. (using a * step "’ tool with 0-062-in. steps), 


* Beryllium produced by a proprietary powder-metallurgical 
process 
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Fig. 2. Electron photomicrographs of a machined beryllium surface, (a) as-machined, (b) after chemical removal of 0.001 in 


(c) 


. and ic) after 


chemical removal of 0-002 in. ( - 1700) 


0-062, 0-032, 0-015, 0-010, 0-005, and 0-002 in. A second 
specimen surface was prepared by a far more severe 
procedure which used a depth of 0-186 in. (using a step 
tool with 0-062-in. steps and accompanied by severe 
tool chatter) followed by finish cuts having depths of 
0-005 and 0-002 in. However, low-power optical micro- 
scopy (upto 45) and fluorescent dye-penetration inspec- 
tion did not reveal surface cracking on either specimen or 
any important differences in surface characteristics. 

Examination under the electron microscope of the 
two specimens in the as-machined state (Fig. 2a) revealed 
numerous surface cracks in both cases but no significant 
difference in their number or apparent severity. Further 
examination of the specimens after chemical removal of 
0-001 in. from the machined surfaces (Fig. 2b), using a 
solution consisting of 66°, by weight CrOs, 76:1 
H3POx,, 5:°5°,, HeSOg, and 11°8°,, HeO, produced similar 
results. However, chemical removal of a total of 0-002 in 
from the machined surface (Fig. 2c) eliminated the 
cracks on both specimens, thus indicating that surface 
cracks were not of depths comparable with the depth of 
cut in heavy cuts, and that a slow, safe machining pro- 
cedure was unnecessary. 


BERYLLIUM OXIDE CONTENT OF CHIPS 


The beryllium oxide content of beryllium-machining 
scrap affects the value of the scrap for reworking purposes 
To determine the influence of tool geometry and cutting 
speed on the increase in beryllium oxide content of QMV 
beryllium scrap, a series of chip specimens was obtained, 
using a tungsten-carbide tool, a depth of cut of 0:100 in., 
and a feed of 0-005 in./rev. 

It was found that the average content of beryllium 
oxide of all samples tested was 1:37", as compared with 
the original content of 1-27°,, before machining. The 
tests indicated that the beryllium oxide content of cutting 
chips was not a strong function of either cutting speed 
or tool geometry, and that machining increased the oxide 
content of QMV beryllium by not more than 0-2 


CUTTING TEMPERATURES 


The average temperature at the chip-tool interface 
during machining was measured by using a tungsten- 
carbide tool and the beryllium chip as the two dissimilar 
metals of a thermocouple. Temperature measurements 
were made as functions of cutting speed and cutting feed 
in a turning operation. The tool was insulated clec- 
trically from the lathe and was connected to one ter- 
minal of a recording oscillograph. A second lead was 
connected to the workpiece and thence to the oscillo- 
graph through a mercury commutator 

— 
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Fig. 3 is a plot of chip-tool temperature as a function 
of cutting speed at a feed of 0-006 in., while Fig. 4 shows 
the variation of temperature with feed at a constant speed 
of 350 sfpm, in both cases using a tungsten-carbide tool 
As in machining most materials, cutting temperature is 
much more strongly dependent on cutting speed than on 
feed. 

Tool-chip temperature strongly affects tool life 
especially at high temperatures, since tool wear 1s acocler 
ated with the decrease in tool hardness which accom 
Panies increasing temperature 


Too. Lirt 


The life of tungsten-carbide tools in machining 
QMYV beryllium has been evaluated as a function of cut 
ting speed and feed for finish-type cuts, using feeds less 
than 0-010 in Tool wear is usually determined by 
measuring the rate of growth of the flat or land which is 
generated on the clearance or flank face of the tool. Tool 
life generally is defined as the time required to produce a 
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wear land of a given width. In the tests, wear lands of 
0°010 and 0°015 in. were used as tool-life criteria. 

The wear land on the clearance face of tungsten- 
carbide tools grows quite regularly and uniformly in 
beryllium machining. Wear of the cutting or rake face of 
the tools (cratering) is not severe. 

Metal-cutting wear data can usually be made to fit the 
empirical relationship 


VTA = B, 


where V is the cutting speed [sfpm], 7 is the tool life 
{min], and A and B are constants. 

From the results of the tests carried out, on the basis 
of a wear land of 0-010 in. and the use of Carboloy 44A 
tungsten-carbide tools, the above relation was 


VT°18 — 680 


With a wear land of 0-015 in. used as a definition of 


oy 4 el 10} ed's 5.47 -\ 





tool wear, the constant B in the equation becomes 770. 
Preliminary wear data obtained with Carboloy 883 tools 
(a harder, more wear-resistant grade of tungsten carbide) 
indicate that the constant A in the equation remains 
unchanged, while B becomes 760 for a tool life defined 
by an 0-010-in. wear-land life, or 860 for an 0-015-in. 
wear-land life. 

Sufficient data for high-speed-steel tools have not 
been obtained to permit determination of the tool-life/ 
speed relationship, but cutting speeds above about 100 
sfpm appear to give limited tool life. Ceramic tool life 
has not been measured, but should be extremely good. 

Representative tool-life data for the machining of 
beryllium (0-015-in. wear land), as compared with other 
materials, indicate that the life of tungsten carbide tools 
in beryllium machining is comparable with that found in 
machining low- and medium-carbon steels, and much 
greater than that in machining titanium and its alloys. 


The Mechanism of Degradation of Titanate Dielectrics 


By A. KOoLLer and Z. PospisiL. 


(From Czechoslovak Journal of Physics, Vol. 8, No. 3, 1958, pp. 315-321, 


3 illustrations.) 


In this article, details are given of the processes taking place in dielectric titanates when permanently 
subjected to direct voltages. Existing theories are discounted, and an interpretation of the mechan- 
ism of degradation is given, based on the production of colour centres. 


It is well known that condensers made of ceramic 
materials based on titanium compounds are indispensable 
parts of communications engineering. It is also known, 
however, that, in addition to a number of very advan- 
tageous properties, these dielectrics have one very unfor- 
tunate drawback, i.e., permanent direct voltage causes 
them to have a tendency towards so-called degradation, 
so that they lose their insulation resistance, become semi- 
conducting, and break down. 

This defect has been noted with dielectrics based on 
barium and strontium titanates with a high dielectric 
constant, and has led to breakdown of about 1°, of such 
condensers before their minimum required life of from 
5000 to 10,000 hours. It has also been observed that 
condensers subjected to long loading periods can exhibit 
blackening of the dielectric, either throughout the 
material or at least in several parts, and a deterioration 
in the insulation resistance and loss factor, even before 
breakdown. By refiring to a temperature of 800 to 1000°C, 
all the properties of the dielectric are regenerated. 

The tendency of titanium compounds to reduce to a 
compound having a lower valency in a medium contain- 
ing a reducing component or deficient in oxygen has long 
been known. Trivalent titanium contains an extra elec- 
tron which is only loosely bound, so that it easily passes 
into the conductivity band. A similar result is obtained 
when the mass at the base of the titanium compound 
contains ions of higher valency than 4 as impurities in the 
lattice positions, and the electron neutrality must be 
balanced by a decrease in the valency of the titanium ion. 
These theories, however, have not been able to explain 
the mechanism of degradation as a result of long-term 
direct loading. 

The most probable interpretation has, in the past, 
been that of Weyl and Terhune,* who suggested that 
degradation is caused by a hydrogen ion produced by 


*W. A. Weyvi and N. A. Ternune: Ceramic Age, Vol. 62, No. 2, 
1953, page 23. 
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electrolysis of the aqueous film which is always present on 
the surface of a ceramic; on account of its small dimen- 
sions, the ion easily penetrates as a result of the direct 
electric field into the interstitial positions of the crystals 
of titanates, where it then causes electrical non-equili- 
brium and thus also a decrease in the valency of titanium 
in the same way as an impurity of higher valency in the 
lattice position. This theory also assumes that Fe4+ occurs 
in titanate materials, protecting them against reduction, 
since Fe*+ first reduces to Fe*+ (which has no conducting 
electron). This theory accounts for a number of processes 
which can occur in the material, but, as far as the authors 
have been able to ascertain, it was created purely specu- 
latively and has not been supported by any experiments. 


EXPERIMENTAL INVESTIGATIONS 


To investigate the mechanism of the degradation of 
titanate dielectrics, experiments were carried out on 
samples of two types of polycrystalline dielectrics. One 
of these materials, called rutilite, is basically polycrystal- 
line rutile containing about 5°, of different mineralizing 
and other admixtures. The second material, here 
designated VDT, is basically a mixture of barium titanate 
and strontium titanate. Degradation occurs with both 
materials and is accompanied by essentially the same 
phenomena. 

The samples were mostly in the form of small plates, 
about 30 mm in diameter and 3 mm thick, prepared by 
dry compression. Firing, the temperature of which for 
both materials lies between 1300 and 1400°C, was carried 
out in an electric resistance furnace, without special treat- 
ment of the atmosphere. Experiments with degradation 
at higher temperatures were carried out in laboratory 
resistance furnaces. The gradient of the electric field 
applied to the plates during these experiments fluctuated 
between 0:5 and 3 kV/cm, according to the temperature 
and dielectric strength of the materials. 

Since the processes investigated have so far not been 
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extensively studied experimentally and suitable methods 
have not yet been elaborated, most of the experiments 
were carried out for purposes of orientation and gave 
qualitative results only. 


Influence of Adsorbed Water :— 

Experiments were conducted to verify Weyl's inter- 
pretation of degradation as the effect of an aqueous film. 
In this connection, it will be appreciated that, if this inter- 
pretation is correct, an increase in temperature should 
eliminate the water from the surface, and the process 
would thus slow down or stop. On the contrary, how- 
ever, as has been confirmed by other investigators, it was 
found that, with an increase in temperature, degradation 
caused by direct load was greatly accelerated, and at a 
temperature of about 350°C took place about three orders 
more rapidly than at room temperature. Changes in the 
material occurred at this rate, even when the sample had 
been previously heated for several hours to a temperature 
of 650°C and the experiment carried out at 350 C without 
first cooling to normal temperature. 


Influence of Electrodes : 

The possible influence of the metal forming the elec- 
trodes has been partly taken into consideration in pre- 
vious attempts at explaining degradation. In some papers, 
it has been experimentally shown that silver from the 
electrodes is transported by the electrical field into the 
material and influences its electrical properties 

The present experiments were confined to ascertaining 
that the presence of silver electrodes is not an essential 
condition of degradation, as similar indications of de- 
gradation were found when using aluminium, platinum, 
and even graphite electrodes. 


Influence of Chemical Action on Degradation 

If it is assumed that changes in the material occurring 
as a result of a direct electric field are, from a chemical 
point of view, caused by the reduction of titanates to sub- 
oxidic compounds, then this reaction should be accom- 
panied by a loss in oxygen and thus a decrease in the mass 
of the samples. Experiments were carried out by weighing 
samples of about 8 grams, before and after degradation, 
by a direct load, as well as after reoxidation by firing to a 
temperature of about 800°C with access of air. At the 
same time, continual recording of weight changes was 
made by thermogravimetric analysis to an accuracy of 0°1 
milligram. In none of these experiments was there found 
any change in the weight of the samples which departed 
from the limits of experimental error 

Similar measurements were carried out with samples 
of rutilite and permitite fired to 1260°C in a nitrogen 
atmosphere with 10°,, hydrogen, i.ec., in the complete 
absence of oxygen. After firing, the samples had a dark- 
blue colour, which again became light-yellow by anneal- 
ing to 1000 C with a sufficient access of air. After oxida 
tion firing, an increase in weight of from 0-05 to 0-08 
was found. 


Colour Changes Accompanying Degradation 


A characteristic of degradation is the change in colour 
of the diclectric, an originally yellowish shard becoming 
greyish-blue. This change does not, however, take place 
in the same way with all kinds of materials, and is parti- 
cularly interesting in the case of materials of polycrystal- 
line rutile. Apart from a layer of unbroken colour at the 
negative electrode, strongly coloured cones are formed, 
which have their peak at the cathode, and have a more 

* 
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lightly coloured base at the positive clectrode. Their 
peaks lie in points which, even before applying the elec- 
trodes, were found to differ from the rest of the surface 
of the dielectric by their darker colour. These points 
probably contain as-yet unknown impurities which ac- 
celerate degradation. 


Electrical Effect of Temperature on the Resistance of 

Degraded Dielectrics 

Curves showing the dependence of electrical resistance 
R (expressed as log R) on absolute temperature T (ex 
pressed as 1/7) are given in Fig. | for different samples of 
the VDT material. All these curves have a typical basic 
shape, already noted in the case of similar types of semi 
conductors. It is clear from Fig. | that, at room tempera 
ture, the resistances of degraded and perfect diclectrics 
are nearly equal. However, in the case of the degraded 
dielectric (curve (2)), the steep downward slope is initia 
ted at a much lower temperature, so that, in the region 
around 480K, the resistance of the degraded diclectric 
is very much less than that of a VDT condenser fired 
under normal conditions in an electric furnace (curve (1)) 
or of a sample fired in an oxygen atmosphere (curve (4)) 
After refiring the degraded sample in air at 800 C (curve 
(3)), the curve conforms to the original curve of a materia! 
before degradation (curve (1)). All these experiments 
were carried out on the same sample 

From the above results, it can be seen that the firing 
atmosphere, especially the partial pressure of the oxygen 
influences the value of the internal resistance and its tem 
perature dependence. Even more important is the fact 
as evinced by the present experiments, that the method 
of firing also has a substantial efleci on the intensity of 
degradation in the electric field. It was found that a 
dielectric fired in an electric furnace in an atmosphere 
enriched with oxygen exhibited no tendency to degrada 
tion or only to a very slight degree, while samples fired 
in a gas furnace, where the partial pressure of oxygen 
was smaller than in air, were all subject to very intensive 
degradation 


Exo-emission of Electrons 

An important means of investigating the defective 
properties of materials 1s the study of the exo-emussion 
(thermo-emission) of clectrons as a function of the tem 
perature, which indicates the presence of various defect 
centres with localized electrons 
obtained with a point clectron counter clearly show a 
maximum in the temperature region between $50 and 
700 K 
by a direct electric field, but never appears on samples of 
a perfect material 


I AC-cmission Curves 


, this occurs on all samples of materials degraded 


Photo-Sensitivity of Titanate Materials 

Another property of ceramic titanate material 
connected with their sensitivity to light 
after firing, titanate materials have a yellow or yellowish 
brown colour. As a result of daylight, however, weak but 
clear dark patches, having a greyish-bluc to brownimh 
violet hue, appear on irradiated places within a few hours 

A number of basic experiments were carried out to 
clarify the conditions of production and suppression of 
these colour changes, particularly as a function of the 
wavelength of the light. It was found that colouring 
appears only as a result of the blue part of the spectrum 
By irradiating with a red filter, on the other hand, this 
colouring rapidly vanishes, in the same way as by heating 
to a temperature of over 100 ¢ 


Immediately 


Colouring slowly dis 
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appears when the sample is kept in the dark at normal 
temperature. 

Not all the samples had this photo-sensitivity to the 
same extent. It was most apparent in samples fired in a 
medium having a lower partial pressure of oxygen, so 
that the connection between sensitivity to light and ten- 
dency to degradation as a result of a direct electric field 
was clearly shown. 


ANALYSIS OF RESULTS 


As already mentioned, the initial purpose of this 
investigation was to attempt to verify experimentally the 
interpretation by Weyl and Terhune that degradation is 
the result of an aqueous film. The authors’ experiments, 
however, refute this theory. It cannot be assumed that 
water could be kept on the surface of samples heated for 
several hours to a temperature of over 600°C in such an 
amount that degradation would not be slowed down. 
The orientation of cone formations, observed on a cross- 
section of samples of rutilite after degradation, which 
always have their peak at the negative electrode, are like- 
wise not in agreement with any hypothesis assuming the 
influence of any kind of positive ions moving in the 
material as a result of the electric field. If gradual exten- 
sion of degradation really occurs in the regions of the 
material concerned, as the results of the experiments 
show, then its carriers can only be particles with a nega- 
tive charge. Of such particles, electrons primarily come 
into consideration, since it can hardly be assumed that 
there are other mobile particles with a negative charge in 
the material. Thus, the correct interpretation of degrada- 
tion must be sought in the theory of semiconductors. 


log R 
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0002 0005 TYK) 
Electrical resistance of a VDT condenser as a function of 
t>mperature. 

(1) Condenser fired under normal conditions in an electric furnace 
(2) Degraded condenser. 

(3) Condenser reg=nerated by firing to 800°C 

(4) Condenser fired in an oxidizing medium 


The result of studying changes in weight for degrada- 
tion as a result of a voltage and after energy reduction in 
a hydrogen atmosphere is worthy of note. In both cases, 
there was a change in the appearance of the materials 
and, in the second case, there was a substantial change 
in electrical resistance, which decreased to tens of ohms. 
From the changes found in the weight, it follows that in 
this case there was a change in valency of about 10°? of 
the total number of titanium ions. At the same time, the 


Fig. 1. 
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original structure of the rutile is untouched by the reduc- 
tion. Reduction cannot, therefore, be regarded as a 
chemical change in the mass, but as the creation of a cer- 
tain concentration of defects, in this case of holes left by 
oxygen ions, i.e., Schottky defects. As has already been 
shown by other investigators, equilibrium is reached 
between the number of oxygen holes and the external 
partial pressure of oxygen. A certain number of holes, 
naturally much smaller and as yet numerically undefin- 
able, are thus produced during firing with access of air. 
To achieve electro-neutrality of the lattice, two titanium 
ions in the neighbourhood of each hole must decrease 
their valency from 4 to 3. A trivalent ion of titanium 
differs from a tetravalent ion in that one surplus, loosely- 
bound electron is localized in it, and is capable of passing 
into the conductivity band in certain circumstances. The 
influence of firing on the initial internal resistance of the 
dielectric is seen in Fig. 1. 

The existence of holes and free localized electrons in 
titanium ions is not, of course, sufficient in itself to ex- 
plain the processes connected with degradation, particu- 
larly the gradual deterioration of electrical properties and 
breakdown at a much lower voltage than the original. 

The solution follows from studying the secondary 
effects, conditioned by the existence of holes in crystals. 
With alkaline halides the production of so-called colour 
centres (F centres), produced by an electron being cap- 
tured in a hole left by a negative ion, has been studied in 
detail. An electron bound in these colour centres mani- 
fests itself by absorption in the visible part of the spec- 
trum, i.e., by colouring the crystal and increasing its 
electric conductivity at higher temperatures. 

Electrons pass into holes, for example, as a result of 
illumination with energy radiation, which frees the elec- 
trons from their original places. On the other hand, 
irradiation with long-wave light, which suffices only to 
expel electrons bound in colour centres, causes dis- 
coloration of the crystal. As has been shown, titanate 
materials behave in exactly this way. This fact leads to 
the opinion that the colouring and decrease in dielectric 
strength of titanate materials, caused by permanent 
direct loading, is equally explicable by the production of 
colour centres. The correctness of this explanation is 
confirmed by the result obtained from measuring the 
exo-emission of electrons on degraded materials. 

From the results of the above experiments and con- 
siderations, the following general picture of the condi- 
tions for and course of degradation is suggested :—The 
firing of a titanate ceramic in a medium having insuffi- 
cient partial pressure of oxygen leads to the breaking 
away of some oxygen ions, thus forming holes. The 
presence of these holes is obviously capable of affecting 
the electrical properties of the material and its further 
changes, despite the fact that their concentration is so 
small that they are not shown by a decrease in the mass 
of the sample. 

A material containing oxygen holes is subject in an 
electric field to changes leading to the production of 
colour centres. The mechanism of their production as a 
result of an electric field is obviously not, however, quite 
analogous with their production by irradiation. It de- 
pends rather on the passage of the current through the 
material, but a more exact explanation has not yet been 
found, chiefly owing to the lack of experimental material. 

This interpretation is therefore only a rough outline 
of the mechanism of degradation of titanate materials, 
but explains quite well the processes so far observed and 
forms the basis for further experimental work. 


THE ENGINEERS’ 





DIGEST 











RUSSIA 


Comparative Studies of Pistons used in Hydraulic 
Control Systems 


By V. N. VeELLeR and A. A. ZHURAVLEVA. 


IN hydraulic control systems, wide use has been made 
of piston elements in valves, boosters, and regulators, 
and improved sensitivity of such systems has been 
achieved by means of rotating and self-centering pistons. 

Comparative characteristics of these pistons have 
been obtained on the special test rig shown diagram- 
matically in Fig. 1, in which two pistons (1) and (2) are 
connected by a rod (6) and slide freely in the cylinders (4) 
and (5) fixed to the body of the equipment. Oil passes 
through a valve (3) into the upper space of cylinder (4) 
and then flows through an opening controlled by the cone 
(7) of piston (1). Similarly, oil passes into the lower 
space of cylinder (5), but with no continuous flow, other 
than along the piston wall. Leakage oil past the pistons 
of cylinders (4) and (5) is drained through pipes (8) and 
(9) respectively. 

To impose transverse forces and tilting couples on the 
piston assembly, oil is fed through channels at pressures 
Ps, pa, and ps, which can be varied, as desired, to produce 
different magnitudes of transverse forces and tilting 
couples on the rod (6) and hence on the pistons. By 
virtue of the design of this equipment, the imposition of 
transverse forces on the rod does not give rise to addi- 
tional insensitivity. 


—o 














Fig. 1 Diagrammatic layout of test rig for 

Since the pressure pe exists without a through-flow 
of oil, and pressure p; with a through-flow, then the 
value of pe will always be greater than that of p:, when 
oil is fed from a common supply system. In order to 
obtain an internal balance of forces, piston (1) was 
constructed with a diameter of 105 mm, and piston (2) 
with a diameter of 90 mm. The pressure difference 
P2— pi was measured by means of a differential pressure 
gauge to an accuracy of | mm Hg 

In carrying out actual tests, only pressure p; was 
measured, as the value of pressure pe remained virtually 
constant. Hence, in the presence of a friction force 7, the 
equilibrium of forces can be expressed as peAs— pi A 7 


SEPTEMBER, 


1958 Volume 19, No. 9 





\ 





pistons 


(From Teploenergetika, No. 2, February 1958, pp. 36-43, 9 illustrations.) 


during the upward motion of the pistons, and as 
pi Ai Pp2Ae2 T during the downward motion of the 
pistons, where A; is the area of the upper piston, and Ae 
the area of the lower piston. 

As a result, 


Ai (pr pi) 27 (1) 


Suppose the measured 
p2 Pi 


differences to be 
Consequently 


pressure 


h, and pe Pi h 


Pi Pi h h (2) 
and, from eq. (1), 
A, th h) 27 (3) 
The degree of insensitivity ¢ was taken as 
27 fi (h—h) 
€ (4) 
prAe peA 


The magnitude of the tilting couple on the pistons 
was determined from the ratio of the lever arms of the 
imposed couple and the reaction couple. The lever arm 
of the reaction couple was assumed to be equal to the 
distance between the centres of the piston lengths 

———— Investigations were carried out on 
three types of pistons, i.c., (1) rotating 

pistons, (2) special grooved pistons de 

signed by the Central Boiler and Turbine 

Institute, and (3) self-centering pistons 

designed by the All-Union Heat 
' Engineering Institute 


ROTATING PISTONS 


Two designs of rotating piston were 
tested, i.¢., pistons with helical grooves 
on their cylindrical surface (Fig. 2a), and 
pistons with nozzles (Fig. 2b), these 
nozzles forming a small oil turbine and 
being produced by inclined holes in the 
piston 

Initially, the cylindrical surface of the 
pistons was smooth. However, with this 
design, it was found that enough torque 
to rotate the pistons could not be pro 
duced, even with increased oi] pressure 
because the transverse force arming as a 
result of pressure differences in the clear 
ance was large 
these rotating pistons 
with deep grooves, so that a 
moment created by flow along thes 
grooves, which were turned in the cylindrical surface of 
the pistons in the form of a two-start thread (Pig. 2a) 

From the results of tests on non-rotating pistons, the 
degree of insensitivity ¢ was found to be from 12 to 14 
over the whole of the stroke, ie T did not 
depend on the position of the Variations of 


too Consequently 
fitted 


turning 


were 


was oil 


friction force 
piston 
transverse forces and ulting couples produced no changes 


in insensitivity, indicating that some other reason cxmted 


for the occurrence of friction force 7, which was found 
to be 18 1 ke Taking the cocflment / of semi-dry 
friction as O12, the transverse force N was therefore 


about 1508 kg. As the area of the lateral projection of 
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showing (a) a design with helical — 
grooves, and (b) a design with 
nozzles. b 


the pistons was 166°5 cm2, the average pressure difference 
between the two sides of both pistons was 0-9 kg/cm2?. 

In comparison with these considerable transverse 
forces, the imposed transverse forces and tilting couples 
(9 to 20 kg) on both pistons could not significantly affect 
the friction force 7. As already mentioned, rotation 
could be achieved only after helical grooves had been cut 
in the cylindrical surface of the pistons, the presence of 
these grooves equalizing the pressure along the cylin- 
drical surfaces and thus reducing friction force. 

The results of tests showed that, with rotation, the 
presence of transverse forces or tilting couples did not 
lead to insensitivity. However, if the pistons were 
stationary, the degree of insensitivity & rose to between 
1-5 and 2°5°,,, the corresponding friction force T being 
1:85 to 3-08 kg. 

Assuming that the grooves cause the resultant trans- 
verse force due to pressure differences to be completely 
equalized, the coefficient of friction f varies from 0-76 to 
0-13, the imposed transverse force N being 24-5 kg, indi- 
cating the persistence of transverse forces due to pressure 
differences, even with helical grooves on the piston 
surface. 

In the absence of imposed transverse forces, the degree 
of insensitivity ¢ of non-rotating pistons was found to be 
0-07°,,, the friction force T being 0-08 kg. With a coeffi- 
cient of friction f of 0-10, the value of the transverse 
force N, even in the presence of helical grooves, is 
therefore 0-8 kg. 

The larger the transverse forces, the greater will be the 
initial torque required to set the piston in motion. 
Variation in the flow of oil through nozzles and an 
increase in transverse forces caused the piston to stop. 
According to the test results, the limiting transverse 
force N; at which the piston stops can be expressed by 
the relation 


Nu =23G—5 [kg] - . @& 


where G is the oil consumption [tons per hour] for 
rotating the piston. 

From the above relation, it is found that, for a certain 
oil consumption, the piston is stationary, even in the 
absence of transverse forces. Assuming that there is, in 
fact, zero oil delivery through the nozzles in the absence 
of a transverse force, it is possible to find the additional 
transverse force over and above the external forces. The 
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value of this additional force is 5 kg, which agrees well 
with the above evaluation. 

By choosing a suitable coefficient of semi-dry friction f 
and knowing the value of the transverse forces, it is 
possible to find the minimum torque at which the piston 
can just start rotating. 

Tests have shown that a piston with helical grooves 
has a considerably smaller load-carrying capacity than a 
piston with nozzles. In the presence of transverse forces, 
the iriction force T becomes greater, giving rise to insen- 
Sitivity, even with rotation. Consequently, in designs with 
helical grooves, the nominal speed of rotation should be 
chosen correspondingly greater than for pistons with 
nozzles. Experimental results indicate that the speed of 
rotation of the piston decreases in proportion to the in- 
crease in transverse force, while a tilting couple exercises 
a greater effect than a transverse force. 

From a comparison of the results obtained, it follows 
that rotating pistons fitted with nozzles are better able to 
resist transverse forces and tilting couples than those 
fitted with deep hel‘cal grooves. However, pistons with 
nozzles should be fitted with shallow grooves, so as to 
reduce the asymmetrical pressure distribution of the oil 
in the clearance. 

With the same test rig, a check was made of variations 
in oil consumption, with and without rotation of the 
pistons. For this purpose, the upper piston (1) in Fig. 1 
was replaced by a special piston with a smooth cylin- 
drical surface, 20 mm in width. The diametrical clearance 
between the walls of the piston and the cylinder was 
0-32 mm, with a piston diameter of 105 mm. With the 
piston stationary, the consumption of oil, i.e., the leakage 
of oil through the clearance, was 340 kg/hr with an oil 
temperature of 31:6 °C and an oil pressure of about 
44 psig, and 554 kg/hr with an oil temperature of 39-5°C 
and an oil pressure of about 44:3 psig. With the piston 
rotating at 202 rpm, the leakage through the clearance 
was reduced to 205 kg/hr with an oil temperature of 
30°C, and to 325 kg/hr at a rotational speed of 430 rpm 
and an oil temperature of 39-4°C. This reduction is 
explained by the fact that the rotating piston is more 
nearly concentrically positioned in relation to the 
cylinder bore. 


SPECIAL GROOVED PISTONS 

The characteristic feature of this type of piston (Fig. 
3) is the provision of wide shallow grooves in its cylin- 
drical surface, so that contact between the cylinder and 
the piston walls is possible only along narrow bands. In 
the opinion of the authors, such grooves eliminate 
asymmetrical pressure distributions in the clearance, but 
cannot produce centralizing forces. 

Experiments showed that even small tilting couples 
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Fig. 3. Special design of piston with wide shallow grooves. 
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cause a considerable increase in insensitivity. This can be 
explained by the fact that, with tilting couples, there is a 
sharp-edged contact between the pistons and the cy- 
linder walls, as a result of which semi-dry friction arises. 
Transverse forces have relatively little effect until they 
cause oil to be squeezed out of the region of contact of 
the bands with the cylinder bores, but, as soon as this 
occurs, semi-dry friction arises and insensitivity increases 
sharply. 

With a tilting couple, the average degree of insensi- 
tivity is a linear function of the couple, and, plotted 
graphically, is a straight line which passes through the 
origin of the co-ordinates, thereby confirming the as- 
sumption of complete symmetry of oil-pressure distribu- 
tion in the clearance. The coefficient of friction f is about 
0-23, this high value being due, as already mentioned, to 
sharp-edged contact between the piston and cylinder 
wall. In the absence of a transverse force or a tilting 
couple, the degree of insensitivity ¢ of these pistons was 
found to be 0:07°,,. 

Leakage of oil through the clearance varied little with 
changes in transverse force, confirming that the oil film 
between the rubbing surfaces was very thin. The absolute 
leakage rate in the tests carried out with these pistons was 
about 160 kg/hr with an oil temperature of 44°C. As in 
the case of the rotating pistons previously described, an 
increase in oil temperature caused a higher leakage rate. 


Se_F-CENTERING PISTONS 


The investigations established that, in order to pro- 
duce piston mechanisms of high sensitivity, it is essential 
to equalize the pressures on the walls of the piston and 
also to balance the transverse force and the tilting couple. 
In addition, the oil film between the rubbing surfaces 
must in all cases be maintained, and, although this can be 
achieved quite reliably by the use of rotating pistons, 
especially those incorporating nozzles, a comparatively 
large quantity of oil is required for rotation. 

In the design of self-centering piston shown in Fig. 4, 
an even number of recesses is machined in the piston wall, 
each recess being connected by a small-diameter hole 
with the interior of the piston. An annular drainage 
channel connects the holes with the overflow space and 
is located on the delivery side of the piston surface be- 
tween the centralizing recesses and the edge of the piston 

On displacing the piston to one side of the cylinder 
bore, the clearance 6 varies. Thus, with a smaller clear- 
ance 6), resistance to the flow of oil increases, and the 
pressure p; in the adjoining space also increases. On the 
opposite side, clearance 62 will be a maximum and the 
resistance to oil flow a minimum, so that pressure pe 
drops. The pressure difference p; — pe acting on the area 
of the recesses creates a force which tends to push the 
piston towards the centre. 

The drainage channel serves to increase this centraliz- 
ing force by preventing oil from passing through the 
clearance into the centralizing recesses. Without this 
channel, oil supply to the centralizing recesses would take 
place through the annular clearance ; with the larger 
clearance 62, the supply of oil would also be larger, 
thereby raising the pressure po in the appropriate recess 
Similarly, with the smaller clearance 6), the oil supply 
would decrease, leading to a drop in pressure p;. As a 
result, the pressure difference p; p2 would decrease, 
and the self-centering tendency of the piston would 
become less effective. 

Tests were carried out on self-centering pistons of this 
type, with holes of |-mm diameter in the recess and a 
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clearance 6 of 0-14 mm in the upper piston and 0:20 mm 
in the lower piston. In addition, another series of tests 
was carried out on pistons with holes of 2-mm diameter 
and a clearance 6 of 0-32 mm in the upper piston and 
0-30 mm in the lower piston. 

The degree of insensitivity « was found to be small in 
both cases, not exceeding 0-06",, under a transverse force 
and under a tilting couple. Tests on a piston with the 
centralizing ports blocked showed, as was to be expected, 
a sharp increase in insensitivity, but, even so, its value did 
not exceed that of an ordinary smooth-walled piston 
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Fig. 4. Once design of sell-centering piston 


From the results obtained, it has been established that 
self-centering pistons ensure practically a zero degree of 
insensitivity both under transverse forces and tlting 
couples. Furthermore, an increase in the diameter of the 
holes supplying oil to the centralizing recesses, with a 
corresponding increase in the clearance 6, leads to 
increased sensitivity This is due to the fact that the 
minimum clearance for the corresponding transverse 
force or tilting couple increases, and hence any effects of 
roughness of the piston surface and cylinder bore are 
diminished 

The total oil leakage rate in self-centering pistons of 
this type was found to be about 720 kg/hr for pistons with 
a hole diameter of 1 mm and respective clearances 6 of 
0:14 and 0-20 mm, and about 2430 kg/hr for pistons with 
a hole diameter of 2 mm and clearances 6 of 0% and 
0:32 mm. With pistons of the rotating type, this would 
correspond to an equivalent leakage rate of more than 
12,500 kg/hr 

A modification of this design of self-centering piston 
has been developed by the Central Boiler and Turbine 
Institute, in which the oi! supply to the centralizing 
recesses takes place through flats on the delivery side of 
the piston. In this method, the supply channel cannot be 
blocked. Nevertheless, any of the coarser particles nor 
mally removed by the sharp edges of the piston may drop 
onto the flats and, although this would not block the oil 


“on 


supply to the recesses, it could lead to an even more 
dangerous condition, i.e., jamming of the piston. To 
prevent this danger, a suitable filter should be installed in 
the oil supply. Furthermore, the supply of pressure oil 
through the flats does not permit the holes to be filled, so 
that the centralizing capacity of the recesses is lowered. 
An important feature of self-centering pistons is that 
the centralizing force develops before motion of the 
piston is initiated, as distinct from rotating pistons, in 
which the centralizing force acts only after rotation has 
commenced. Moreover, in rotating pistons, there is dry 
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or semi-dry friction, and it is therefore essential that the 
rubbing elements should be of appropriate materials 
possessing optimum anti-friction properties. In the case 
of self-centering pistons, however, the materials used in 
the construction of the contacting elements are apparently 
not important, as has been demonstrated by experience 
with a self-centering valve spool of untreated steel which 
has been operating satisfactorily in a cylinder of the same 
material for more than two years. This valve operates 
with water and its degree of insensitivity is still virtually 
zero. 


Investigation into the Shut-Down Behaviour of 
Hydraulic Steam-Turbine Governors 


By W. Petow. (From Siemens Zeitschrift, Vol. 32, No. 6, June 1958, pp. 393-400, 10 illustrations.) 


Tue great demand for electric power in recent years has 
led to the construction of turbo-generator sets with 
increased power ratings, obtained by a maximum utiliza- 
tion of materials, particularly in the generators. As a 
result, acceleration times have been greatly reduced, so 
that more stringent requirements are being stipulated for 
turbine-governing systems, particularly as regards speed 
of response and sensitivity. 

Satisfactory governing characteristics and a good shut- 
down behaviour are nearly always obtainable with turbine 
sets requiring 12 sec to run up to speed, but nowadays 
condensing turbines developing over 110 MW require 
11 sec, while topping-turbines require from 3:2 to 3°5 sec, 
so that these systems necessitate closer study. 

Mathematical analyses are valid only within the 
limits of their simplifying assumptions, as the governor 
is a fairly complex unit and there are non-linearities in the 
entire system ; consequently, the solutions obtained are 
only approximate and do not fully agree with experi- 
mental values. 

Measurements carried out in the power station itself 
give reliable results, but obviously it is rarely possible, 
for practical reasons, to carry out a full programme of 
governor testing. This is also true at the manufacturer's 
works, where full-scale tests would be difficult, owing to 
the large size of the turbines involved, the great quantities 
of steam required, and the necessary variations in test 
parameters. For these reasons, it is convenient to carry 
out tests with the aid of a model system of the type 
described in this article. 

TESTING OF GOVERNORS IN A Mopet SYSTEM 

Scale models frequently have the disadvantage of 
producing results which differ from those of the full-size 
installation. It was therefore decided to use a model only 
for the controlled system and to connect it to the actual 
governor under test. The model chosen for this work is a 
small 10-kW turbo-generator with continuously adjust- 
able characteristics, and its parameters can be varied so 
as to obtain representative numerical values for a wide 
variety of large turbine sets. The required values of time 
for running up to speed can be obtained by adjusting the 
power output and the live-steam pressure, giving a con- 
tinuous range of values from 14-5 sec at 3 kW, through 
6 sec at 6 kW, to 3-3 sec at 12 kW. 

The model system, set up on a test-bed, consists of 
various units, i.e., (1) a radial turbine, (2) a 115-V dic. 
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compound-wound generator rated at 10 kW, with an out- 
put kept fairly constant by means of an auxiliary series- 
connected winding, (3) two adjustable resistors for the 
load, (4) equipment for switching off full load and partial 
loads, and (5) provision for installing governors of various 
types. The installation also includes oil pumps, an oil 
tank, and filter arrangements. In addition, to maintain 
specified values of oil temperature, two heat exchangers, 
a water pump, and a water tank are fitted. 

When disturbances in the grid and supply of steam 
produce temperature and pressure fluctuations, with 
consequent variations in running speed, corresponding 
variations are produced in power output and frequency. 
The instantaneous values are compared in a feedback 
discriminator with preset or programme-controlled 
reference values, and the deviation, i.e., the error signal, 
is amplified and fed to the governor system. 

A schematic drawing of a governor is shown in Fig. 1, 
the governor being designed to control turbine speed 
when the set is operating independently. A pump, driven 
from the turbine shaft, generates an oil pressure which is 
proportional to the square of the running speed. This oil 
pressure acts on a bellows, displacing a lever connected to 
the sleeve of a pilot control valve. The piston in this unit 
is displaced by oil pressure, acting against the tension of a 
spring, until the oil can escape through the control ports. 
The amount of oil escaping regulates the secondary oil 
pressure, which is transmitted to the relay valve through 
a damper, and acts on the lower surface of the relay- 
valve piston against a spring, whose compression is 
adjusted by a cam-and-follower mechanism. The relay- 
valve piston admits pressure-oil to the servo-piston, 
which actuates the steam-regulating valve. The desired 
speed is obtained by adjusting the preload of the control 
spring electrically or by means of a handwheel. A mano- 
meter/tachometer unit, connected to the oil pump 
mounted on the turbine shaft, measures the primary oil 
pressure and indicates turbine speed. 

Considerable attention has been given to instrumenta- 
tion. All measured values are recorded on a single strip 
by means of a six-channel oscillograph, a 50-cps trace 
being used for time markings. Instantaneous turbine 
speed is indicated by a tachometer-generator of the 
permanent-magnet type, its output voltage, which is 
directly proportional to speed, being passed through a 
multi-phase rectifier ard a smoothing circuit with a very 
low time-constant. The rectified signal is then partially 
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compensated by a constant d.c. voltage. The difference 
voltage, fed to an amplifier connected to the oscillo- 
graph, gives a direct indication of speed variation. 

Variations of primary and secondary oil pressures 
and of the oil pressures above and below the servo- 
piston are indicated by diaphragm-type pressure pick- 
ups, with the oil pressure acting on one side, while a 
Strain-gauge is bonded to the other side. A second 
Strain-gauge is used for temperature compensation, and 
its signal is fed to a bridge connected to the oscillograph. 

Valve displacements up to about 5 in. are indicated by 
a rheostat fitted to the rod of the servo-piston, the brush- 
gear being insensitive to vibration and the output passed 
through a resistance connected to one of the channels of 
the oscillograph. 

Measurements are synchronized by current pulses 
occurring once per second, triggered by a precision 
chronometer. Small movements of about 0-2 to 0:3 in 
of the sleeve of the pilot control valve and of the relay 
piston are indicated by rotary potentiometers, giving 
accurate oscillographic recordings to 0-004 in. A volt- 
meter and an ammeter are used to read the output of the 
generator, but, in order to determine the exact moment of 
switching, current is also registered on the oscillograph 
The various oil pressures of the governor and the steam 
pressures of the model turbine are measured with preci- 
sion gauges. Various other instruments are used to 
supervise general operating conditions. 
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Fig. 2. Block diagram illu- 
strating various possibilities 
of derivative control. 
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Tests were made on a governor operating with pro 
portional control, the model system being adjusted to 
run up to speed in 3:8 sec, which is a representative valve 
for modern topping-turbines. In each test, the highest 
possible load that could be obtained from the extreme 
position of the servo-piston was switched off. The in 
fluence of entrapped steam was virtually eliminated by 
keeping the volume of steam between the regulating valve 
and the nozzle to an extremely small value. Switching 
from full load was carried out with the turbine operating 
at a speed of 3000 rpm. The regulating valve was fully 
open, oil pressure was set to about 90 psig, and a pro 
portionality band of 3°, was used 

The shut-down process was initiated by tripping the 
switch. The generator current dropped to zero and 
simultaneously running speed increased to a maximum 
value of 3230 rpm, this peak speed being reached in 
0-414 sec, after which the regulating valve closed fully 
The total time of 0-414 sec was made up of 0-045 sec lag 
of the primary signal relative to the running speed, 0-079 
sec delay in the action of the control-oil pressure, and 
0-290 sec for the valves to reach their zero-load position 
This low value of 0-290 sec for the actual operating time 
kept the overshoot to a small value. Because of the high 
valve-closing speed, the oil pressure dropped from 90 to 
about 65 psig for a brief period 

The above results show that this particular governor 


can limit overshoot to less than 8°, above the preset 
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value, in the case of a turbine set designed to run up to 
speed in 3-8 sec. 


IMPROVEMENT IN CONTROL BY INCORPORATING DERIVA- 
TIVE ACTION 


For topping turbines which run up to speed very 
quickly, the response of a governor with proportional 
control may not be sufficiently rapid, particularly if the 
proportionality band is fairly large, as so much time elap- 
ses until valve closure occurs that the running speed 
frequently rises to the emergency shut-down level. To 
prevent rises in speed up to this level the governor can, 
however, be designed to make use of the derivative dg/dr 
of the controlled quantity g with respect to time ¢. By 
means of the time-derivative of the error signal, the posi- 
tioning variable can act with a phase lead relative to the 
error, when sudden load removal occurs. Steep rises in 
speed accentuate the derivative action. 
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Fig. 3. Circuit using derivative dh/dt of the stroke of the pilot control 
element. 


There are many ways in which such derivative action 
can be used, but limits are set by design factors. Tests 
have been carried out to determine which components of 
the various types of governors investigated give rise to 
delays in response and which elements are important as 
regards overspeed. These tests have indicated the fol- 
lowing possibilities for the inclusion of derivative or pre- 
sensing action (Fig. 2) : 

(1) Time lags due to the pilot control can be eliminated 
by adding a device which responds to the derivative 
dh/dt of the stroke A of the pilot-control element. 
Sluggish response of the sensing elements, coupled 
with time lags in the pilot control, can be overcome 
by taking the derivative dp/dt of the control-oil 
pressure p and allowing it to act in the control 
circuit ahead of the servo-motor. 

To reduce time lags in the transducer, the derivative 
dn/dt of speed n can be introduced either ahead of 
or after the servo-motor. 

When very stringent requirements are set for the 
governing of a turbo-generator system, it is con- 
venient to feed back the derivative of the disturb- 
ance occurring within the control system itself, 
instead of waiting until the disturbance has acted 
on the controlled quantity. With this feedback, the 
lost-motion times of the governor are completely 
eliminated. For instance, the derivative dN/dr of 


the power output N can be taken and fed into the 
control circuit, ahead of or after the servo-motor. 

Tests were conducted on a derivative circuit designed 
to respond to dé/dt and using hydraulic braking acting 
only in one direction (Fig. 3). The braking piston pre- 
vents excessively rapid upward movements of the pilot 
piston, so that its control sleeve becomes more effective. 
As a result, the secondary oil pressure falls off more 
rapidly, and the regulating valves close ahead of the time 
otherwise required. 

In a first test, using the model system, the speed 
variation without this derivative action was recorded. 
With a time of 3-6 sec to run up to speed and a propor- 
tionality band of 6-1°%,, the system ran up to its emer- 
gency-trip speed when the load was thrown off. The 
second test utilized the same parameters but incorporated 
the derivative control. In this test, when the load was 
removed, the speed rose from 3000 to 3210 rpm, i.e., 10 
rpm below the no-load speed of 3220 rpm. Thus, the im- 
provement in behaviour was evident, in spite of the 
increased proportionality band (6-1°, instead of the 3-0% 
used in the switching tests previously described). 
Measurements in several power stations in which this 
derivative circuit has been added confirm the results ob- 
tained on the model system, and show that proportional 
and derivative control fulfil the requirements for turbo- 
generator units which run up to speed rapidly. 


ADVANTAGES OF THE MopeEL SysTEM 


Tests on full-size governors coupled to a model 
system have the advantage of allowing a wide range of 
parameters to be explored rapidly, without extensive cal- 
culations, and more simply than in tests on full-scale 
turbo-alternator sets. Time lags or permanent deviations 
of error signals can be identified and corrected at an early 
stage, so as to obtain optimum conditions, and the 
results are sufficiently accurate and agree with those sub- 
sequently measured in the power stations themselves. 

Particular effects, such as those due to inertia, oil 
flow, and friction, can be investigated in detail. The 
system has been further developed to investigate control 
problems occurring in the parallel operation of turbo- 
generator units, and, in addition, can be used as a pro- 
cess-control simulator for the instruction and training of 
personnel. 





High-Strength Non-Magnetic Alloys 
(Concluded from page 401) 

Type 310 stainless steel (24-26°,, Cr, 19-22°,, Ni) is 
far more magnetically stable than type 304, its perme- 
ability being 1-003, even after processing. Like type 304, 
type 310 stainless steel can only be strengthened by cold- 
working, its tensile strength being increased from 75,000 
psi in the annealed state to 175,000 psi after 50°,., cold- 
working. 

An age-hardening stainless steel containing 15°,, Mn, 
15%, Cr, and 2°,, V is now available in one grade for non- 
magnetic applications. The recommended heat treatment 
consists of a solution treatment at 2100°F for 15 min, 
followed by a water-quench and ageing at 1300°F for 
8 hr. After treatment, the alloy has a tensile strength of 
195,000 psi and a permeability of less than 1-01. 

Cold-work after heat treatment produces a phase 
change which has an adverse effect on magnetic char- 
acteristics. Thus, after 40°,, cold-working, permeability 
increases to 1-2, so that, apart from the heat treatment 
mentioned above, no further processing is recommended. 
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What does it cost to drive 
a 10 kW Generator from a 


14/22 h.p. Armstrong Siddeley 
Air Cooled Diesel? 











x 
$0.01385 (1.175d.) per kW/hour 


* Figure supplied by Gt. Raymond Paper Co. of 
Lac Briilé, Canada. 

ACTUAL COSTS FOR 

26064 HOURS RUNNING WERE: 
Diesel fuel (less tax : 1178 gals.)......$259.27 
Lubricating oil, filters et $81.71 
Spare parts (fuel filter assembly)...... $20.35 
Fuel consumption (Gals/Hour).........0.441 


YEARS OF KNOW-HOW: The diesel 
engines are manufactured with the same 
precision as Armstrong Siddeley’s world- 


aw 


famous aero engines. 

MATERIAL - CHECKED: Armstrong 
Siddeley experts regularly visit suppliers 
of materials and components to check on 
their quality controls. 

PRODUCTION - CHECKED : As well as 
the standard bench test, which every 
engine undergoes, far more extensive 
tests are regularly made on engines taken 
at random from the production lines and 
all ASM diesels are approved by Lloyds 
and the Dutch Bureau Veritas. 

THERE IS NO MORE RELIABLE 
DIESEL ENGINE. 

Three models: 6-11 h.p., 14-22 h.p., 
20-33 h.p. 


Write now for brochures. 


ARMSTRONG SIDDELEY Air Cooled Diesels 


ARMSTRONG SIDDELEY COVENTRY AND BROCKWORTH, ENGLAND 


A MEMBER OF HAWKER SIDDELEY / ONE OF THE WORLD'S INDUS 
‘ 
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TUPPENCE COLOURED 


When you buy a standard article produced to a standard price, you may get good 
value but nothing out of the way. 

For example, we make very good standard bearings at a normal price, but we 
also make bearings (to our ‘E’ specification) into which we put a great deal 
of extra know-how, workmanship and checking. They cost more of course, 

but what a difference! 

They are meant for those who need the utmost life-and-death reliability; 
for those who have boosted up their original designs and are bottle- 
necked by standard bearings; and for those who need the quietest- 
running bearings. 

The ‘E spec’ bearing—which isn’t really coloured—is available 
in two forms, both dimensionally interchangeable with standard 
bearings: ‘unsealed’, and sealed with the FBC neoprene seal. 


F.B.C. :: FISCHER 
Registered Trade Mark 


ALL-BRITISH 
BALL AND PARALLEL-ROLLER BEARINGS 


FISCHER BEARINGS COMPANY LIMITED, WOLVERHAMPTON 


FISCHER BEARINGS COMPANY LTD. and TIMKEN-FISCHER STOCKISTS LTD., BIRMINGHAM 
are both subsidiaries of BRITISH TIMKEN LTD. 














British Industrial Developments 








Multi-Spindle Bar Automatics 


The latest addition to the range of B.S.A. Acme- 
Gridley multi-spindle bar automatics produced by 
B.S.A. Tools Ltd., of Kitts Green, Birmingham, is their 
is-in. six-spindle machine. Fast, accurate, and versatile, 
the new machine, which is intended for the production of 
small-type components, is fitted with independently 
operated tool slides, thereby affording extremely wide 
adaptability for standard and special attachments. 
Although special attention has been paid to convenience 
of setting-up and operation, the basic principles of the 
larger B.S.A. Acme-Gridley multi-spindle range have 
been retained. Change-over can be achieved with the 
minimum of delay, because of easy accessibility to the 
tooling area, cams, and change-gears. The machine is 
only 54 ft long, but its height allows the operator to work 
erect and in a comfortable position. 


Permanent accuracy and alignment of spindles and 
tool slide is assured. The main tool slide, which is moun- 
ted directly on the stem, is kept in perfect alignment with 
the spindles by having the hardened stem let into the 
spindle carrier and ground at the same setting. The stock- 
reel is independently power-indexed through a separate 
shaft and gear, eliminating torsional strain, any tendency 
to whipping action, and excessive wear in the spindle 
carrier. In addition, the entire stock-feeding mechanism 
is rigidly supported at both ends. A stock depletion feed 
knock-out is fitted. To prevent chuck release while the 
tools are working, a housing, which encloses the spindle 
drive gears, acts as a guard and holds the chucking spools 
in position. The chucking and feeding slides are mounted 
on long bearings, preventing tipping and binding, whilst 
the chucking shoes have wide bearing surfaces on the 
chucking spools 

A finger holder mechanism permits rapid feed through 
the collet and allows full range of spindle speeds to be 
utilized without affecting the chucking mechanism. For 
collet closing, a cam mechanism operates the fingers, but, 
for collet opening, centrifugal force, instead of springs, is 
used to spread the fingers. The bar-stock ends are quickly 
removed by a manually operated chucking mechanism 
The chucking and feeding cams are easily accessible on 
a drum under the chucking slide. A swing stock-stop is 
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incorporated in this machine, and is operated directly 
from the main drum shaft. After the stock is fed and the 
collet closed, its ** rest *’ position is below the surface of 
the two side slides, permitting the use of the stock-feeding 
mechanism for tooling and allowing easy access to tools 

The spindle carrier begins to index from a standstill 
by using a modified Geneva mechanism. This rapidly 
accelerates, then decelerates, bringing the movement to 
a shockless dead stop before the locking pin ts engaged 
The headstock encloses the entire indexing mechanism 
The robust lower cross slides and top slides, which 
operate independently in hardened steel ways, enable 
heavy cuts at high speeds to be used without fear of 
vibration or chatter. For tool setting the cross slide can 
be hand-operated. 

By removing a cover at the motor end of the machine 
access can be gained to the feed and speed change-gears 
which give a wide range of speeds and a comprehensive 
selection of feeds. The main tool slide can easily be 
arranged to take a combination of tools, such as turning 
and high-speed drilling in one position.. Close control of 
depths of holes when drilling or reaming, and length 
when turning is arranged by a positive stop. The drum 
for the main tool is readily accessible from both sides of 
the machine, and for maximum roller contact the cams 
have wide faces. The drum is completely free from chips 
and coolant. The tool slide is mounted on a bracket 
below the slide, leaving the two die slides in the third and 
fourth positions for independently operated threading 
attachments or for accelerated drilling and reaming 
attachments. To simplify setting, where components of 
differing lengths are used, a variable fine end adjustment 
to the tool slide in relation to the collets is incorporated 

The machine employs an efficient braking mechanism 
combined with the use of large disc and roller clutches 
in the gearbox. Three push-buttons are provided on each 
side of the machine, giving start, stop, and inching, with 
an additional button for the coolant pump and feed re 
set. A compartment in the machine base houses the 
electrical equipment, which is accessible through doors 
the opening handle of which is also an isolation switch 


New Central Heat-Treatment Plant 


In the past, the Darley Dale and Tinsley works of 
The Firth-Derihon Stampings Limited were responsible 
for the heat treatment of their own production. Now 
however, with the commissioning of their new central 
heat-treatment plant at the Darley Dale works, all heat 
treatment requirements of the company are concentrated 
in one plant 

The new plant, which incorporates many advanced 
ideas, was designed jointly with Gibbons Bros. Lid 
Honeywell Brown Lid., Hartons Lid., and members of 
the Brown-Firth Research Laboratory, and basically 
comprises three Gibbons dual-system heat-treatment fur 
naces, two Gibbons tempering furnaces, a Gibbons oi! 
quench machine, a Gibbons-Van Marle turntable charg 
ing machine, with loading tables and special-type cooling 
tables, an instrument control room, and a centralized 
waste-gas discharge system 

All furnaces, which are fired by town gas, are 11 ft in 
length, 64 ft in width, and 3j ft in height to the spring linc 
of arch in doorways. Furnace loads up to § tons are 
handled. The dual-system furnaces have normal opera 
ting-temperature ranges between 200 and 750°C with 
forced recirculation, and between 750 and 1250°C with 
out forced recirculation. The normal operating tempera 
ture of the tempering furnaces is from 200 to 750°C with 
forced recirculation 





= Fotonamic 


air filters for DIESELS 


Static helical blades in the ROTONAMIC air filter 
give a whirling motion to the air as it enters at A. 
Still keeping to a helical path, the air is then 
induced to reverse direction, centrifuging the 
solids out of suspensian before 90 % of it is fed 
to the engine B. The other 10 % is aspirated 
away with the removed solids through the 

tube at the base of the panel. 


HIGH EFFICIENCY FILTRATION for DIESELS 
Diesel life and efficiency goes up—when 
ROTONAMIC takes the abrasives out of 

the aspirated air. Road and railway transport 
system operators report: “periods between 
overhauls extended by hundreds of 

working hours. Greatly extended engine life’’. 
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GRAPH OF ROTONAMIC EFFICIENCY PERCENTAGE 
PLOTTED AGAINST DUST PARTICLE SIZE 
1 


NO MAINTENANCE and extremely high 

efficiency are the most important money-saving 
factors of ROTONAMIC air filters for diesels. 
Aspiration of dust particles can be provided by a 
simple extractor operated from the engine exhaust 
system. ROTONAMIC filters are made in 

England by INTERMIT LTD. 10 20 30 40 50 

Please write for leaflet FRC9. 
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Furnace temperatures are electronically controlled 
by a fully automatic electro-pneumatic system, the 
Honeywell-Brown control instruments being housed in 
a centrally positioned air-conditioned instrument control 
room, a section of which is shown in Fig. 1. The temper- 
ing furnaces are two-zone controlled, and the dual- 
system furnaces single-zone controlled. Temperature 
distribution throughout the furnaces is held to extremely 
fine limits and is indicated and recorded at any six points 
in each furnace. All furnaces are fully instrumented and 
controlled to safeguard against failure for any reason. 
Compressed-air supply for operation of the pneumatic 
control equipment is obtained from duplex air com- 
pressors and receiver units mounted on top of the instru- 
ment control room, from which actuation of the air- 
compressor units is automatically controlled. Kent gas- 
flow recorders are used to record gas-flow rates and the 
total gas consumption of each furnace. All waste gases 
from the furnaces are collected through a centralized 
overhead waste gas main and then discharged into the 
atmosphere via a high-capacity waste-gas exhaust fan 
and chimney stack. 

The oil-quench machine is of advanced design, being 
of the fully-enclosed type with automatic door operation. 
Automatic lowering and lifting of the load, with variable- 
controlled oscillation of load during the quench period, 
is also incorporated, ensuring optimum oil-flow condi- 
tions during the quenching cycle. For cooling the oil in 
the quench machine, the oil is drawn from the top of the 
tank, passed through a water-cooled oil cooler, and re- 
turned to the tank via distribution ducts in the tank base. 
This oil cooler is capable of dealing with 27,000 gallons of 
oil per hour, using 12,000 gallons of water per hour. Oil 
temperature is shown by an indicator on the discharge 
pines from the oil tank. 


4 


q 


The charging machine used in conjunction with the 
loading tables, furnaces, and oil-quench machine is an 
all-electric, 4-arm turntable design arranged for 5-ton 
loads. Four motors are used for hoisting, lowering, 
charging and discharging, ard traversing and rotation 
Power is supplied to the charging machine via a specially 
designed motorized cable-drum unit, mounted on the 
charging machine, the feed cable being laid down in a 
small duct below floor level. The general layout of the 
heat-treatment plant is shown in Fig. 2, in which the 
centrally located charging machine can be seen with- 
drawing a batch of turbine discs from the oil-quench 
machine. 

The plant has been designed to handle large and small 
batch production efficiently and to eliminate manual 
handling, as it has to deal with a wide range of forgings, 
varying in weight from a few ounces up to about 800 Ib 
All incoming materials are received in the reception bay 
in stillaged form, diesel-engine forklift trucks and elec- 
tric battery-operated stillage trucks being used for the 


. 
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movement of all stillaged loads into the storage area, 
between the storage area and the loading tables, after 
treatment, and for the movement of stillaged loads to the 
adjacent inspection department 

In the main heat-treatment bay, electric overhead 
cranes are used for assembling the heavier forgings on the 
loading tables, etc. Depending on the weight and section 
of the forgings to be treated, these are loaded into special 
heat-resisting furnace trays or onto heat-resisting bearer 
bars. After the load has been assembled on the loading 
table, it operates as a unit load throughout all subsequent 
operations in the heat-treatment department 


Small Aerosol-Type Fire 
Extinguishers 


Stated to be the first of its kind in the UK. or in 
Europe, the new * Gwish " aerosol-type fire extinguisher 
announced by Deb Chemical Proprictaries Lid., of 
Belper, Derbyshire, makes it possible to locate an effi 
cient fire-fighting appliance beside work-benches, mach 
ines, desks, etc., ready to deal instantly with minor out 
breaks of fire before they develop into major conflagra 
tions 

Marketed at less than one-third the cost of normal 
types of fire extinguishers, the new appliance contains 12 
fluid ounces of liquid, which is released as a powerful jet 
spray on depressing the discharge nozzle with one finger 
Removal of the finger from the nozzle completely cuts 
off the jet, which douses flames instantly and carries for 
6 ft, with a coverage of 3-ft diameter. The extinguishing 
fluid used is a non-conductor of electricity and i stated 
to be safe and effective on all fires, irrespective of then 
cause. A suitable fixing bracket is supplied with cach 
extinguisher 


Technique for the Rapid Drying 
of Metal Articles 


A new technique for the rapid drying of metal articles 
has been introduced by Imperial Chemical Industries 
Lid., of London, S.W.1 Metal parts are treated in 
trichloroethylenc, to which has been added a special new 
additive Trisec “’, which ensures freedom from stain 
ing, even of bright-plated and polished parts 

It is well known that wet metal articles can readily bx 
dried by immersing them in the vapour of a boiling 
chlorinated solvent, such as trichlorocthylene 1 hve 
moisture film will dry off, because, although the boiling 
point of tnchlorocthylene (87 C) is below that of water 
a mixture of solvent and water boils at an even lower 
temperature (73'C). Vapour-degreasing plants can ther 
fore be used for drying small metal articles, even though 
the evaporation of large drops of water from the surfac 
leaves stains. Owing to the rik of staining, however 
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— Please heck 
Who buys tool bits Mp — 


for your shop? 


Here are some things 
he should know.... 


No tool bits can be better than the steel they’re 
made from 


‘Eclipse’ tool bits are made from H3 cobalt high speed steel, 
melted, heat treated and finished under one control to strict 
and rigid standards of quality. That’s why the consistent 


performance of ‘ Eclipse’ tool bits can be guaranteed. 


Cheap tool bits can mean dearer production costs 
When you buy tool bits you buy cutting capacity and it pays 
to buy the best. ‘Eclipse’ tool bits keep keen cutting longer 


than inferior tools —/reducing time out for regrinds and 





increasing production.) 





Tool bit holders can help with production too 
‘Eclipse’ tool bit holders have been specially developed to get 
the very best from ‘Eclipse’ tool bits. They have a patent 


clamp, adjustable to variation of tool bit size which holdd the 





tool absolutely rigid eliminating any tendency to “chatter.") 


specify TOOL BITS 


Made by james Neill & Co (Sheffield) Led., and obt able from atl tool distributors 
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such a method is not suitable for bright-plated or other 
polished surfaces. With the new I.C.I. technique, the 
idea of using trichloroethylene has been retained, but the 
treatment is in liquor instead of vapour and, to prevent 
stains forming on the articles, ** Trisec * has been speci- 
ally developed to be effective at moderate temperatures, 
so that advantage can be taken of the low heating require- 
ments of trichloroethylene. The effect of the additive is 
to displace the water film on the metal surface by trich- 
loroethylene, which readily evaporates. 

The treatment is most effectively carried out in simple 
equipment similar to a standard ‘degreasing plant, but 
incorporating a water separator and extra free-board 
above vapour level, and fitted for rim ventilation. One 
compartment, containing the ** Trisec’, is used for the 
drying operation and the other for the subsequent rinsing 
of the dried parts in pure boiling trichloroethylene. This 
ensures that the articles are not only perfectly dry, but 
also quite free from grease contamination. The whole 
process is normally completed in about one minute. 


Special Duplex Screwing Machine 
for Railway Coupling Screws 


Specially developed for British Railways for screwing 
both ends of railway coupling screws simultaneously, a 
new duplex screwing machine announced by Joshua 
Heap & Co. Ltd., of Ashton-under-Lyne, is fitted with 
two independent headstocks, with “ Tangential" die- 
heads, one equipped for right-hand threads and the other 
for left-hand threads. Each headstock is individually 
motor-driven and is fed under leadscrew control from its 
own spindle, as well as being provided with a rack-and- 
pinion feed. 


With the ** Tangential ” dieheads used, the dicholders 
are mounted on trunnions and are enclosed by a solid 
cam ring which absorbs all cutting strains, so that very 
coarse threads can be screwed at one pass, producing 
perfectly parallel threads with an adequate surface finish 
The coupling screws are rigidly held in a stationary vice, 
and the threading operation is initiated by engaging both 
leadscrews. At the end of the cut, both the leadscrew and 
the dichead are tripped automatically, and the headstocks 
are returned to their original position by the rack and 
pinion. 


Catenary High-Temperature Kiln 


A new high-temperature kiln has recently been intro- 
duced by the Allied Engineering Division of Ferro 
Enamels Limited, of Wombourn, Wolverhampton, for 
applications demanding wide firing-curve flexibility 
The kiln, which is eminently suitable for refractories 
production development, filling the gap between the 
laboratory test kiln and production furnace kiln, is also 
suitable for production of special high-temperature 
ceramics. 

The equipment incorporates a catenary arch forming 
the roof and side walls of the firing chamber, this method 
of construction having the advantage, among others, of 
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allowing the structure to “ breathe " evenly when sub- 
jected to fast heating and cooling cycles, as distinct from 
the more commonly used arch of constant radius, which 
relies on the support of external steel members 

The method of firing is down-draft through a low 
wide setting. A simple burner fires over the charge, 
flame propagation developing in the apex of the catenary 
In this way, any flame impingement is confined to the 
wicket rather than the charge. The catenary facilitates 
distribution of the products of combustion through the 
charge to the floor of the kiln, where they are exhausted 
through a series of adjustable slots, so that close tem- 
perature uniformity is obtainable with varying charges 
The spent products of combustion pass to a suitably 
dampered stack though a 3-pass silicon carbide re 
cuperator supplied with the kiln ; this provides hot 
combustion air to the medium-pressure water-cooled 
burner. 

The kiln will take a charge of up to 200 standard 
firebricks or equivalent and will fire a charge of 160 
bricks to 1760°C in 12 hr, followed by a 4-hour soak at 
1720°C. At this temperature the exhaust flue tempera 
ture is only 670 ¢ The charge area ts easily accessible 
for loading and unloading, and a brick setting may be 
stacked in a matter of 10 min. The kiln is supplied com 
plete with automatic limiting or programme control, and 
oi] pumping equipment 


Self-Opening Diehead with 
External Tripping Mechanism 


The new Coventry j-in. style “X17 dichead 
announced by Alfred Herbert Lid., of Coventry, has 
been specially designed for use on single-spindle auto 
matics and, in addition to the normal features of the 
well-known Coventry dichead, is also equipped with an 
external tripping mechanism This mechanism elim 
inates the possibility of the diehead opening as a result of 
the centrifugal force produced by very rapid indexing of 
the turret on high-speed machines 

A particular advantage of the dichead 1s its ability to 
cut short threads, as it can be set to trip almost imme 
diately after the dies commence cutting. The dichead ts 
fitted with a spring-cushioned shank which provides a 
lateral movement in both directions, so as to compensate 
for the slight difference which may exist between the 
pitch of the thread and the forward motion provided by 
the feed cam. This cushioned action ensures a good start 
to the thread and also, in conjunction with substantial 
sliding dogs, an easy sliding movement, guarantecing a 
long die life. Spring pressure can be varied 


The new dichead will cut threads from 12 BA to j in 
Whitworth with appropriate dics and, as the shank is 
hollow, screws of any length can be cut 
it uses the same dies as those fitted to all j-in. size Coven 
try dicheads, the standard dic-grinding fixture and height 
gauge can be used for regrinding 


In addition, as 
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Fleximet for instance—the all-stainless steel 
flexible pipe that carries a very wide range 
of fluids or gases equally well at the extremes 
of high and low temperature. 
DUNLOP are specialists also in reinforced 
high and low pressure flexible pipes embodying 
P.T.F.E.* and rubber-like materials. 

Dunlop technicians are available to advise > 

on all problems concerning the installation sid 
and use of flexible pipes. Details from D uU Pe L oO = 


H. S. Perrey, Dunlop Rubber Co. Ltd., 
St. Georges Road, Coventry, Telephone 64171. MAKE PIPES BETTER 


* Polytetrafluoroethylene TO LAST LONGER 


THE ENGINEERS’ DIGEST 














New Materials, Processes, and Equipment 


MACHINE FOR PRESS-FITTING VALVE-GUIDE 
BUSHINGS INTO CYLINDER-HEADS 

A new hydraulically operated, electrically controlled 
machine, recently developed by the Gear-O-Mation 
Division of the Michigan Tool Company, of Detroit, 
Michigan, is designed to press simultaneously with a 
predetermined force all valve-guide bushings into any 
one of a range of five different diesel-engine cylinder- 
heads. These heads are intended for two- three-, and four- 
cylinder engines of two types, i.e., Vee and in-line, with 
the three- and four-cylinder models having either two or 
four valves on each cylinder. The machine handles the 
valve-guide bushing insertion for the entire series, and 
also provides a visible and audible indication (signal light 
and bell) of any improperly positioned or loose-fitting 
bushings. 








Versatility of the machine is obtained by means of an 
interlocked electrical and hydraulic circuit individually 
controlling four rams, in combination with easily changed 
ram guides. Normally, each ram press-fits two bushings 
for each engine cylinder, * alternate "' ram guides being 
used when it is desired to press-fit four bushings per 
cylinder. The operation can also be variably controlled 
for either simultaneous or progressive pressing. This 
particular machine is semi-automatic, the bushings being 
preliminarily finger-positioned and the cylinder-head 
manually rolled into and manually rolled from the 
machine, but the basic design can be easily modified fer 
fully automatic production. 

In operation, the cylinder-heads, with the bushings 
held in place by a pilot plate, are manually fed to 
hydraulically operated end-stop positioners, each of which 
is adjustable to provide for the different cylinder-heads 
The work cycle is entirely automatic. The table and work 
lower to the press position where, if the work is positively 
positioned, it makes contact with a limit-switch con- 
trolling the ram action, each ram being powered from a 
3-in. stroke, 2-in. diameter hydraulic cylinder. Only 
those rams which have been pre-designated by a selector 
switch lower to press-fit the valve-guide bushings of the 
particular cylinder head being run. While it is possible 
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to operate all rams simultaneously, the machine is usually 
set to allow the rams to move down in sequence, the 
advantage being a fairly large saving in maximum power 
requirements, with a negligible time loss. As the rams 
return to their dwell position, they actuate a pressure- 
switch-controlled circuit which raises the work and table 
to an easy exit position for movement of the work to a 
roller conveyor feeding a transfer machine. The pressure 


imposed (between 850 and 1300 Ib) on the bushings by 
the ram is adjustable to meet varying requirements. If a 
bushing is pressed in with less than a predetermined press- 
fit, visual and audible signals are given to the operator 


ELECTRONIC PHOTOGRAPHIC ENLARGER 

By eliminating conventional methods of * dodging " 
or shading certain parts of negatives by hand, in order to 
obtain uniform exposures during enlarging, a new elec- 
tronic photographic enlarger announced by E.M.1I 
Electronics Limited, of Hayes, Middlesex, is stated to 
produce perfect enlargements from poor-quality nega- 
tives, even with relatively unskilled personnel 

In the new enlarger, believed to be the first of its kind 
in Europe, guesswork and the operating skill normally 
required for producing good enlargements from many 
negatives are entirely eliminated by electronic techniques, 
in which a beam from a cathode-ray tube is used to ob 
tain automatic shading and exposure control The 
cathode-ray tube produces a highly actinic “ cold” 
scanning light beam which covers the negative approxi 
mately once per second. When the exposing spot of light 
from the tube encounters a dense region on the negative 
it immediately becomes brighter. Similarly, the bright 
ness of the spot is reduced for thin regions on the nega 
tive, thus ensuring maximum print detail in both high 
lights and shadows. 

A special light-integrating system terminates the 
exposure automatically, producing uniform print density, 
without the need for adjustment to compensate for 
widely varying negative densities. Thus, temperature 
batch-processing can be carried out, if desired, all that is 





FROM BRITISH OXYGEN - FOR BRITISH INDUSTRY 


Sensational Saffire 
THE NOZZLE MIXING CUTTER! 


The Saffire nozzle mixing cutter is com- 
paratively new on the market. Already it is 
an outstanding success: thousands of in- 
dustrial concerns now have the Saffire in 
operation. The Saffire nozzle mixing cutter 
is the most advanced of its kind in use 
today. Here are the advantages: greater 
cutting speed greater economy—greater 
safety, through greater cutting control. 
Consider how the Saffire can increase your 
own production efficiency ! 

Write for fully illustrated literature. 


(@) BRITISH OXYGEN 


British Oxygen Gases Ltd., industrial Division,’ Spencer House, 27 St. James's Place, London, S.W.1. 
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required of the operator being to preset for paper speed, 
processing, and required print density. 

The new enlarger is capable of printing from 35-mm 
negatives up to half-plate negatives, and provides a 
maximum printing area of 30 x 40 in. 


TAPE WITH ADHESIVE ON BOTH SIDES 

A new tape, which has adhesive on both sides, is 
announced by Evode Ltd., of Stafford. Designated 
“Twinstik”, the tape consists of a thin tissue which is 
impregnated with a special pressure-sensitive adhesive 
proiected with a treated paper. Available in a variety of 
widths up to 12 in., it can be applied to most surfaces to 
provide a strong durable bond. The method of applica- 
tion is extremely simple :—The tape is unrolled and 
applied by hand to a surface and the paper cover is peeled 
off. This leaves the outer adhesive surface exposed, and 
it is to this surface that light articles or sheet material can 
be applied to form an immediate bond. 

The adhesive is strong, exerting a considerable pull, 
and the cohesive strength afforded is combined with 
excellent ageing properties, transparency, and ultra- 
violet resistance. Furthermore, the absence of solvents 
in the adhesive surfaces of the tape makes it suitable for 
use on cellulosed and other surfaces. 


PNEUMATIC LEAKAGE TESTER FOR 
COOLER TUBES 

A new, fully automatic leakage tester for cooler 
tubes, recently developed by Steel City Testing Machine, 
Inc., of Detroit, Michigan, not only provides a simple 
and effective means of checking for leaks, but is capable 
of testing approximately 2100 parts per hour, with 
positive rejection when leaks are encountered. 

A pulley-operated hopper feeds tubes into slots in a 
16-station drum. When the drum revolves to a filling 
position, an air pressure of 50 psi is applied to the tube 
Satisfactory parts complete a 260-deg. cycle and are 
ejected at the front of the machine. Leaking tubes are 
automatically ejected at the rear of the machine. The 
16-station drum, of 12-in diameter, normally rotates at a 


speed of 2:2 rpm, speed being determined by the holding 
time specified for the test. Exceptionally easy to operate, 
the machine has no valves, and the pressure regulator 
incorporates a device to keep the drum lubricated 
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ISOKINETIC SAMPLING APPARATUS FOR DUST 
AND FUMES 

Specifically designed for the isokinetic sampling of 
industrial fumes and dusts, including the collection and 
estimation of such samples, the new isokinetic sampling 
apparatus announced by the Longworth Scientific Instru- 
ment Co. Ltd., of Abingdon, Berks., permits rapid 
sampling with a minimum of calculations of results 
Furthermore, as access to ducts and chimneys is often 
difficult, the use of separate units with flexible connec- 
tions permits various parts of the equipment to be dis- 
tributed in convenient locations, thus enabling it to be 
used in cramped or otherwise inaccessible positions and 
increasing considerably its range of application 


The apparatus, known as the Longworth Isokinetic 
Sampling Apparatus (" LISA ™), was originally deve 
loped by the British Iron and Steel Research Association 
and essentially consists of five linked units, i.¢., a samp 
ling probe, a filter unit, a cooling coil, pump units, and 
an instrument unit. In addition, a combined Pitot tube 
and pyrometer 1s provided for measuring gas velocities 
and temperatures respectively 

In operation, the stainless-stec! probe faces directly 
into the stream of dusty gas and a sample is withdrawn 
isokinetically, i.c., it flows into the nozzle in the same 
direction and with the same velocity as the local undis 
turbed gas stream, so that the dust content of the sample 
accurately represents that of the main gas stream at that 
point. The sample is then drawn through the weighed 
filter and cooled to ensure that corrosive liquids are not 
condensed in the sampling train. Two gas-tight vane 
pumps, equipped with by-pass valves and connected in 
parallel, then expel the filtered and cooled gas sampk 
through a gas flow-rate indicator and an integrating 
meter. The filter is then re-weighed, and the concentra 
tion 1s obtained by dividing this mass by the volume of 
the gas sample 

In order to sample isokinetically, the gas velocity and 
temperature in the stack are measured with the combined 
Pitot tube and pyrometer and indicated on the inclined 
gauge and muillivolimeter in the instrument unit (shown 
in the right background of the illustration). Sumnple two 
column tables are then used to relate this gauge reading 
to the isokinetic sampling rate, which ms maintained by 


operating one of the by-pass valves. This simple method 
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TO LAST! 


on multi-V Drives 


YOU BUY ENDURANCE when you buy Goodyear 
V-Belts, made in types and sizes to suit every job 
from the largest multi-V installations to small 
F.H.P. drives. Longer belt life, more efficient trans- 
mission, less risk of costly shutdowns — these are 
the positive benefits of making good use of the 
Goodyear ‘ job-designed ’ range of belts which are 
backed by more than fifty years’ experience in 
rubber engineering. 

To be sure of longest, most economical per- 
formance it pays to consult Goodyear or your 
Goodyear Industrial Distributor, who will recom- 
mend a suitable belt, and also advise on installa- 


tion and maintenance. 


and on F.H.P. Drives 


GOOD/YEAR 


V-Belts . Conveyor Belting - Transmission Belting . Hose - Fenders 


THE GOODYEAR TYRE & RUBBER COMPANY (GREAT BRITAIN) LIMITED - WOLVERHAMPTON 
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of flow-rate control is made possible by placing the 
meters after the pumps, where gas pressures and tem- 
peratures are virtually constant. 

As rates of gas and fume emission from steelmaking 
processes can vary rapidly, the sampling train must col- 
lect a weighable sample of dust and fume very quickly. 
A robust filter assembly has accordingly been designed 
which incorporates a throw-away filter of graded glass 
fibres, held in a re-usable stainless-steel canister, the 
whole of which can be weighed on a chemical balance. 
The filter pads will filter iron-oxide fume from corrosive 
gases at 300°C at a rate of 3 cfm, whilst the sampling 
probe and Pitot tube can withstand a temperature of 
650°C. 


RADIATION WARNING INSTRUMENT 

A new warning device of the ionization-chamber type, 
which gives a loud warning on receiving a gamma dose of 
30 milliroentgens is now produced in portable form by 
Radiatron, of Richmond, Surrey. 

The instrument, which also responds to beta rays and 
which weighs only 12} oz, uses transistors and 1s battery- 
operated. The batteries have a capacity of 220 mA-hr 
and, as they are discharged only during emission of the 
signal and no current is drawn during measurement, they 
are capable of operation for from 2 to 3 months under 
normal conditions. The batteries used can be recharged 
in situ by means of a small mains-operated charger, 
which weighs only a few ounces and can be plugged 
directly into the instrument. 


The monitor has a flat response to radiation energies 
ranging from under 100 kV to 3 MV — an important 
consideration, in view of the fact that, in most cases, the 
radiation is composed of various energies, owing to 
Compton scatter. Headphones may also be plugged into 
the monitor. The instrument utilizes its own source of 
calibration, this being a small beta source normally 
housed in a lead-lined container. The operator checks 
correct operation of the instrument by placing the source 
in position on the monitor, and using a stop-watch and 
a calibration sheet supplied with each instrument 

The new warning device, which is intended to be a 
complementary instrument to other types of radiation- 
protection monitors, is especially useful when operators 
are engaged on work in which their hands are not free, or 
where the attention or skill demanded for reading other 
types of instruments cannot always be depended on 
Similar instruments, operating on a higher dose than 
30 milliroentgens, can be made for special requirements 


SPRAY-APPLIED SOLUTION FOR 

PROTECTING BULK MATERIALS 
A new compound for blanketing and protecting out- 
door storage piles of bulk materials against loss from 
wind or rain erosion has been developed by the Johnson- 
March Corp., of Philadelphia, Penn. The spray-applied 
solution, designated “Compound SP", contains speci- 
ally developed additives for maximum coverage and 
penetration, and is a blend of synthetic, organic, long 
chain polymers in a water base, forming a thin crust which 
is tough, durable, and highly resistant to weathering 
In a series of heavier concentrations adaptable to a wide 
range of material composition, particle size, and climatic 
conditions, these solutions are suitable for coating stock 
piles of bauxite, carbon, chromite concentrations, coal 
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fluorspar, ilmenite, silicon carbide, sulphur, and many 
other types of materials in outdoor storage piles 

The crusts formed are stated to reduce the serious 
economic losses suffered each year through the disappear- 
ance of large tonnages of valuable material. In addition, 
community cr plant-dust nuisances are abated. Protec- 
tion lasts for periods in excess of a year, and the com- 
pound itself is inert, unreactive, non-toxic, and without 
adverse effects on the burning qualities of coal or the 
subsequent processing of sulphur, metal ores, carbon, etc 
Application is easily accomplished with any type of 
spraying equipment. If desired, the solution can be sup- 
plied with a colour indicator, to show where protective 
treatment has been made 


METHOD OF MARKING METAL SURFACES 

A new method of marking metal surfaces, involving 
the use of a special duplicator stencil, has been devised 
by Ellams Duplicator Co. Ltd., of London, W.1. The 
method, which is simple, rapid, and economical, can be 
used to reproduce trade-marks, identification numbers, 
etc. on tools, machinery, and metal products of all kinds 

The stencil is used in connection with an electro 
chemical etching machine. When the stencil (which ts 
non-conducting and resists the electrolyte) is placed in 
contact with a metallic surface, words, figures, and de- 
signs can be imprinted on the metal surface. Provided 
that a black-and-white original can be supphed, it does 
not matter how complex the original design may be, as it 
is reproduced faithfully in every detail on the stencil by 
means of an electronic stencil cutter. A source of light 
scans the original black-and-white design and, through 
the medium of a photo-electric cell, electrical impulses 
are generated, causing the stencil to be perforated in the 
areas corresponding to the black portions of the original 


SELF-SEALING SWIVEL JOINI 

Available in a wide range of sizes and materials for 
use with air, steam, water, etc., the “* Hilyn " self-sealing 
swivel joint, produced by Hilyn Industrial Equipment 
Limited, of Enfield, Middiesex, is a simple and practical 
method of solving the problems associated with recipro 
cating and rotary movement in rigid pipework, particu 
larly in those cases where the use of flexible hoses is not 
practical by reason of original plant design or space 
restrictions 


The joint, which incorporates only five component 
parts, requires little or no manual adjustment and is nor 
mally suitable for use at pressures up to 500 psi and tem 
peratures up to 485 F, though special designs can be 
supplied for higher pressures and temperatures The 
joint utilizes a P.T.F.E. seal, self-sealing and pre-tension 
being achieved by the internal pressure, in conjunction 
with a specially tensioned spring, which ensures a com 
pletely pressure-tight joint, even at very low pressures 
Automatic adjustment of pipework misalignment can be 
effected through 360 deg., without restricting flow, and 
the design also caters for an angular or side movement 
of 10 deg 








Thinking 


about an 


oscillograph? 


If you are experienced in the 
design of high quality instruments, 
our Technical Director would be 
glad to hear from you. 
FOR USE IN ELECTRONICS? From the wide range of single and double-beam A>) (eS 
instruments, a model is available to suit the requirements of all sections ; | 
of this expanding industry. A, 
IN INDUSTRY? Diverse industries are finding solutions to their design and 
production difficulties with the aid of the Cathode Ray Oscillograph. Our 
Technical Advisory Service will be pleased to help you with your specific problem. 
IN SPECIALISED FIELDS? Unusual types of oscillograph have been designed for 
specialised applications in the Hydraulic, Marine and Ultrasonic fields. We shall 
be pleased to consider specific development projects. 
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NEWS OF THE MONTH 








PERSONAL 


Mr. Ralph Gabriel has been appointed managing 
director of Charles Churchill & Co. Ltd., the parent 
company of the Charles Churchill group. 

Dr. M. F. Jordan has joined Murex Welding Processes 
Ltd., of Waltham Cross, as leader of the Fundamental 
Research section of the Research Department, succeeding 
Dr. W. D. Biggs, who has now left the company to take 
up an appointment in the Engineering Department of 
Cambridge University. 

Mr. L. R. Newing has been appointed Outside Sales 
Manager for home sales of E. H. Jones (Machine Tools) 
Limited, of Hove. Mr. H. M. Lebrecht, A.M.1.Mech.E., 
who has been manager of the Special Machinery Sales 
Division for some time, has been appointed Inside Sales 
Manager. Mr. G. Cranston has been appointed area 
manager for Scotland, and a new office and showroom 
will shortly be opened at Wilson Place, Nerston Indus- 
trial Estate, East Kilbride. 


Mr. H. Morley, deputy general works manager of 


Samuel Fox & Co. Ltd., a subsidiary of The United Steel 
Companies, Limited, has been appointed general works 
manager, in succession to Mr. J. D. Joy, who has been 
appointed director and general works manager of the 
Appleby-Frodingham Steel Company with a view to 
becoming deputy general manager in 1959 

British Insulated Callender’s Cables Limited announce 
that Mr. O. W. Minshull, B.Sc., M.1.E.E., has been 
appointed general manager of their Power Cables 
Division. Mr. Minshull will remain deputy chairman of 
British Insulated Callender’s Construction Company 
Limited and of British Insulated Callender’s (Submarine 
Cables) Limited. 

Mr. N. S. Billington, M.Sc., M.1.H.V.E., who has 
been head of the National College for Heating, Venti- 
lating, Refrigeration, and Fan Engineering since 1950, 
has resigned to take up the appointment of Director of 
the Heating and Ventilating Research Council. Mr. 
Billington is succeeded by Dr. David R. Scott, who was a 
Senior Lecturer on the staff of the Royal College of 
Science and Technology, Glasgow. 





MR. F. A. LANGHAM 





It is with regret that we announce the death, on 
August 12, at the age of 50, of Mr. Frank Arthur Lang- 
ham, who, for nine years and until recently, was Rotating 
Plant Sales Manager of Crompton Parkinson Limited, 
with whom he served for seventeen years. 


BUSINESS NOTES 
The Owen Organisation announce that they have ac- 
quired the business of ““Mechanair”, formerly carried on 
by Acocks Engineering Co. Ltd. Mr. J. E. Kavanagh, 
the former managing director of Acocks Engineering Co 


Ltd., will be in charge of the * Mechanair ™ division of 
Rubery, Owen & Co. Ltd. 


The Industrial Furnaces Division and the Engineers’ 
Tools Division of Brayshaw Furnaces and Tools Lid., 
Belle Vue Works, Manchester 12, are now trading as 
separate companies under the names of Brayshaw Fur- 
naces, Ltd., and Brayshaw Tools, Ltd., respectively. The 
registered office of the two new companies will continue 
to be located at the Belle Vue Works. A branch office for 
Brayshaw Furnaces, Lid. has been opened at 84 Blonk 
Street, Sheffield 3. 


SEPTEMBER, 1958 Volume 19, No. 9 


The headquarters of the BTH Electronics Group have 
been transferred from Rugby to New Parks Boulevard, 
Leicester (Tel Glenfield 531), where the new offices 
and industrial electronics factory are situated. Military 
electronics and radar remain at Blackbird Road, 
Leicester, and valves and semiconductors at Carholme 
Road, Lincoln 


Dowty Equipment Limited announce that they have 
concluded exclusive licensing arrangements with the 
Moog Valve Co. Inc., of East Aurora, N.Y., so that Moog 
servo-valves, used on aircraft, guided missiles, and indus 
trial equipment, will be manufactured in Great Britain 
The licensing agreement covers not only the U.K. but 
also the British Commonwealth (excluding Canada) and 
Western Europe 


A new subsidiary, Servo Units Limited, has been 
formed to handle all the servo-mechanism work of 
Harvey Electronics Limited. The address of the new 
company is 273 Farnborough Read, Farnborough 
Hampshire (Tel Farnborough 1120) 


The address of the Nottingham branch of Crompton 
Parkinson Ltd. is now at Crompton House, Maiden Lane 
Woolpack Lane, Nottingham (Tel Nottingham 
45678) 

Parsons Marine Turbine Company, Limited, a member 
of the Richardsons Westgarth Group, have concluded an 
agreement for technical collaboration on the design and 
manufacture of marine steam turbines with Brown, 
Boveri & Company, Limited, of Baden, Switzerland. The 
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Proof against atmospheric corrosion and many 
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in temperatures up to boiling point, these 
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} to 2 inches and colours available are black, 
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joins the o7hustinlite rotary switches 


This new switch is identical in principle to the well 
established A50 and Ago rotary switches. It has the 
same rolling, self-cleaning contacts with extended 
horns to keep any arcing away from the contact 
faces—a feature exclusive to Austinlite rotary 
switches. It has a similarly powerful and positive 
switch mechanism, and can be built in the 

same variety of forms to switch in sequence or 
simultaneously very large numbers of circuits. 

It is extremely compact, the smallest 

of the Austinlite multi-cell rotary switches. 

It bridges the gap between the Ago 

and the little single-cell 10-amp switch, 

Delivery, on standard applications, 


can now be made in four weeks. 


Our brochure “SIMPLIFIED SWITCHING” 
will tell you more about the advantages of Austinlite 
Rotary Switches. May we send you a copy? 








—7tustinlite 
ROTARY SWITCHES 


tailor-made by 
STONE-CHANCE LTD. 


( Makers of Sumo Pumps and 


Stone-Chance lighthouses). Crawley, Sussex 


The four Austinlite Rotary Switches—A50, Ajo, A15 and A1o 
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Compagnie Electro-Mécanique, of Paris, who have been 
collaborating for more than fifty years with Parsons and 
with Brown, Boveri, will also be associated with this 
collaboration and development. In future, Parsons 
Marine will offer marine steam turbines of either Pame- 
trada design or those arising from such collaboration. 


The Incandescent Heat Co. Ltd., of Smethwick, has 
recently formed a Gas Atmospheres Division, headed by 
Mr. I. L. S. Golding. This Division will be responsible 
for the design, development, and sales promotion of gas 
and controlled-atmosphere generators and gas dryers. 


Firth Cleveland Finance Ltd., of 8 Cleveland Row, 
London, S.W.1, a new project of the Firth Cleveland 
Group, concerned with financing hire-purchase trans- 
actions for all sections of the motor trade and for indus- 
trial plant, has opened up two branch offices. These 
offices are respectively at County House, 45 East Hill, 
London, S.W.18, and at 15/17 York Street, Sheffield 1. 


The whole of the ordinary share capital of Air Control 
Installations Ltd. has been acquired by Beyer Peacock & 
Company Ltd., of Gorton, Manchester. 


Jenkins & Potter, consulting engineers, have moved 
their offices to 12/15 Great Turnstile, Lincoln’s Inn 
Fields, London, W.C.1. (Tel. :—HOLborn 1291). 


Stein Atkinson Vickers Hydraulics Ltd. have moved 
to a new address at 197 Knightsbridge, London, S.W.7. 
(Tel. :—KNIghtsbridge 9641). 


CONTRACTS 


Standard Telephones and Cables Limited, of London, 
W.C.2, have obtained two of the biggest submarine tele- 
communication contracts ever placed in the U.K. The 
first of these, an order for 530 nautical miles of undersea 
cable and submerged repeaters for the Anglo-Swedish 
cable project, providing the first direct telephone link 
between Britain and Sweden, is valued at £1,250,000, and 
will be the longest submarine telephone cable in Europe. 
The second order is for over 700 nautical miles of deep- 
sea cable, part of a new 36-channel telephone system to 
be installed next year between Miami, Florida, and 
San Juan, Puerto Rico. The value of the contract is 
$2,500,000. 


A contract worth nearly £4,500,000 has been awarded 
to Australian Electrical Industries Pty Ltd., a subsidiary 
of Metropolitan Vickers, of Trafford Park, Manchester, 
by the State Electricity Commission of Victoria, 
Australia. More than £2,000,000 of the work, which is for 
a turbo-generator plant and electrical equipment for the 
new Yallourn Power Station in Victoria’s Latrobe Valley, 
will be carried out in the U.K. Included in the new con- 
tract are two 120,000-kW turbo-generators, each com- 
plete with its own condensing plant, feed-water heating 
system, make-up water plant, and circulating water 
plant. Each turbo-generator will be suitable for steam at 
1500 psig at 1050’ F. The contract also includes six 
electrically driven boiler feed pumps, manufactured by 
Mather & Platt Ltd., three for each generator. 

In addition, the State Electricity Commission of 
Victoria has awarded for the same project a contract 
valued at more than £5,000,000 to Babcock & W.lcox of 
Australia, a subsidiary of the British firm, for boiler plant 
More than 20”, of the work will be executed in Britain at 
the U.K. headquarters of the company. Included in the 
contract are two boilers suitable for operating con- 
tinuously with raw brown coal. Each will have an output 
of 950,000 Ib of steam per hour at a working pressure of 
1600 psig and a temperature of 1060°F, when supplied 
with feed water at a temperature of 420 F. 


Pirelli General Cable Works Ltd., an associate of The 
General Electric Co. Ltd., has been awarded a contract 
by British Railways, Southern Region, for the manu- 
facture and supervision of the installation of the bulk of 
the high-voltage and associated cables for the second 
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phase in Stage | of the electrification extensions to the 
Kent Coast. Some 140 miles of 3-core, 0-1-sq in., 33-kV, 
oil-filled cable and approximately 140 miles of pilot 
supervisory cable are involved in the contract. For part 
of the route, corrugated aluminium sheathing will be 
employed for the feeder and pilot/supervisory cables 


W. C. Holmes & Co. Ltd., of Huddersfield, have 
received an order from Babcock and Wilcox Ltd., for two 
Holmes-Elex electrical precipitators to be installed after 
the two 200-MW reheat boilers, with pulverized fuel 
firing, at the West Thurrock Power Station of the Central 
Electricity Generating Board. 


Crompton Parkinson Lid. announce that they have 
secured an erder valued at £250,000 from the Government 
of Ceylon for the supply, erection, and commissioning of 
three large transformer substations for the island's elec- 
trical development scheme. The substations, cach of 
25-MVA capacity, will be incorporated into a 33-kV 
distribution system for the City of Colombo. The order 
includes nineteen circuit-breakers of 750-MVA breaking 
capacity (to be manufactured by Cooke & Ferguson Lid., 
a subsidiary company of Crompton Parkinson) isolators, 
busbars, lightning arresters, the whole of the outdoor 
steel work, and the control panels for the switchgear 
Eighteen low-voltage units and four auxiliary trans- 
formers will also be supplied 

The six main transformers are cach 12,500 kVA, 
33/11 kV, with on-load tap-changing gear, and will be 
made in the company’s Hayes Works. The first sub 
station will be commissioned within fifteen months, and 
the whole contract completed in cighteen months 


9TH INTERNATIONAL CONGRESS 
ON ASTRONAUTICS 

Attended by distinguished scientists from all over the 
world, the 9th International Congress on Astronautics 
was held this year at Amsterdam from August 25 to 29 
Official British delegates were L. J. Carter and Kenneth 
W. Gatland, secretary and vice-chairman respectively of 
the British Interplanetary Society 

The central theme of this year’s Congress was * Pro 
pulsion Systems and Propellants". In all, nearly 80 
Papers were presented, including an inaugural lecture by 
Dr. Theodore von Karman, a first-hand account of the 
American * Explorer” satellite by Dr. Wernher von 
Braun, and a paper on photon drives by Dr. Eugen 
Sanger. Other contributions included “ Electrical Pro 
pulsion Systems for Spaceflight "’, by Dr. L. R. Shepherd, 
chairman of the British Interplanetary Society ; “ Astro 
nautics and Astronomy ", by George Gamow ; “ Scien- 
tific Problems in Cislunar Space and Their Exploration 
by Rocket Vehicle ", by Professor S. F. Singer ; “ Notes 
on the Immediate Feasibility of an Orbiting Astronomical 
Telescope “, by Dr. Fred L. Whipple ; “ On the Deve 
lopment of Orbital Techniques ", by H. H. Koelle ; and 
** Considerations of the Solar Probe ™, by R. P. Haviland 
Other papers by B.1.S. members included “ The Motion 
of an Earth Satellite on Re-entry to the Atmosphere “, by 
T. F. Nonweiler, and * Techniques of Analysing Terres 
trial Radio and Optical Observations of Earth Satellites 
by R. H. Merson 


NEW FORDSON TRACTOR 

For several years there has been a trend towards 
increased power in what is called the medium-power class 
of tractor. Thus, more power has been requested from 
the belt for threshing and baling, from the power take-off 
for forage harvesters and similar machines, and from the 
drawbar for heavy ploughing. As a result of this demand 
the Ford Motor Company Lid., of Dagenham, Essex 
has now produced the Fordson “Power Major 
tractor, which incorporates a more powerful, specially 
developed engine, without, however, sacrificing standards 
of fuel economy 


The new engine fitted to the “ Power Major” pro 


420 









PERFECTION 
in action 






















Singleness of purpose and 
years of experience lie behind 
any apparently effortless 
performance. 

And so it is with springs. 

It's taken for granted that Salter 
Springs will keep on and on, 
doing their job with smooth 
precision — indefinitely. 

But it has taken nearly two 
centuries of skill and devotion 
to achieve so greata reputation 
for reliability that — ironically 
enough—the greatest compli- 
ment paid to Salter Springs is 
that you can forget them! 


FOR TOP PERFORMANCE — SPECIFY 


SALTER 


THE ALL = ACTION § SPRINGS 


GEO. SALTER & CO. LTD. WEST BROMWICH, ENGLAND. 


Established 1760 
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duces 51-8 bhp at 1600 rpm, as compared with about 
41 bhp at 1600 rpm for the previous model (the Fordson 
“* Major ”’), but with the same fuel economy. In addition, 
to cope with the increased output, the transmission has 
been suitably modified, and the opportunity has been 
taken to improve the comfort of the driver and to reduce 
fatigue. The throttle lever has been repositioned under 
the steering-wheel, enabling the driver to exercise finger- 
tip control, while retaining the use of both hands for 
steering, while the instrument panel is now located with 
all instruments neatly grouped below the steering-wheel. 


BRITISH STANDARDS 
(Copies of British Standards may be obtained from the 
British Standards Institution, 2 Park Street, London, W.\) 

Pressure Containers for Paint and Other Substances 
(B.S. 1101: 1958). 

Extending its scope by providing for ** pressure con- 
tainers for ejecting by compressed air substances in addi- 
tion to paint ’’, this revised 24-page illustrated standard 
(price : 6s.) relates to welded steel and cast aluminium- 
alloy cylindrical pressure containers not exceeding 33 in 
i.d., with design pressures not exceeding 150 psi. Re- 
quirements are specified for materials, welding, construc- 
tion and workmanship, and inspection and testing 

** B.S. 1101” is one of five marks required to appear 
on each container manufactured in accordance with the 
standard. 


Machine Screws and Machine-Screw Nuts (B.S.W. 
and B.S.F. Threads) (B.S. 450: 1958). 

Although the unified thread has been steadily gaining 
popularity since it was first introduced to British industry 
several years ago, it is recognized that Whitworth threads 
must inevitably continue in use for a long time to come 
This riew edition of B.S. 450 (price 12s. 6d.) has therefore 
been issued to meet the need for an up-to-date standard 
for machine screws with B.S.W. and B.S.F. threads 

The general requirements in the present standard are 
in most cases similar to those in B.S. 1981 (** Unified 
Machine Screws and Machine-Screw Nuts"), but, since 
development is continually occurring in methods of 
manufacture, further advances in established practice 
have also been recognized. In addition, the scope has 
been considerably extended to include all the various 
types of heads in common use in both slotted and recessed 
forms. 


Classified Advertisements 


The rate for all classified advertisements is 9d. per word: in bold 
print \s. per word : minimum order 10s. Box-number advertisements 
Is. extra. Instructions, together with remittance, must be received not 
later than the \st of each month for advertisements to appear in the same 

month's issue 





MACHINERY FOR SALE 





PADDLE BLADE FANS - VARIOUS 
SIZES - IN GOOD CONDITION 


PADDLE MOTOR SWITCHGEAR INLET OUTLET 
| off 5° 2° dia 2Shp Ellison 3° S* dia. 2 6" aq 
| off 40 40hp EAC 2 2 0 
| off 5°2 25hp Ellison 33 26 
| off $°2 Séhp Ellison 3 3 26 
| off 2 40hp Ellison 34 26 


HAVE BEEN USED ON ZINC OXIDE PLANT 


JAMES BRIDGE COPPER WORKS LTD WALSALL 








DING-DONG 
HACKSAW BLADES 


ask YOUR DEALER FOR DING-DONG 
Manufactured by CHARLES BAYNES, LTD. 
BLACKBURN, LANCS TEL. 6862 











OSMOND 
CUTTING OFF MACHINES 


A. & S. OSMOND, LTD 
13 DOWRY SQ., BRISTOL 


Telephone 
Bristol 27604 














HERBERT WIDDOWSON 


ENGLAND 


AMAL STREET WORKS 
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& SONS LIMITED 


TELEPHONE 4704 


dynamic 
technique 


Your organisation, however efficient, needs 

the driving-power of up-to-the-minute 
@ Volumes not in technical knowledge. Let SMITH’S supply 
stock can be obtained —_ you with the books that you must have to 
for you, and we shall keep you fully in touch with the newest 
be pleased to supply engineering techniques and the latest 
a list of standard advances in research and _ operational 


works on any subject. economy. 


W. H. SMITH & SON 


HEAD OFFICE : STRAND HOUSE, LONDON, W.C.2 


BRANCHES THROUGHOUT ENGLAND AND WALES 





For breakdown of 
Material Lists &/or 
Billing and Part 
deliveries — 


The segregation of Bought-Out Parts, Parts to be 
manufactured, Parts in Stock, and Castings, from 
their original higgledy-piggledy position on the 
Material List into condensed CONSECUTIVE 
ORDER is only a few moments’ work. By merely 
pressing buttons, separate lists, electronically 
printed are obtainable at one pass, with the added 
assurance of complete accuracy, thus effecting an 
ENORMOUS SAVING in clerical labour and 
time. 


| 
| 


In a like manner, Invoice Works Order sets, 
especially where PART DELIVERIES are a 
common occurrence, is another application for 
PARTS IN STOCK which the ORLID Selectronic is extensively used. 
Call in an ORLID SYSTEMS TECHNICAL 
ADVISER—No obligation, no charge. 


use the ORLID SELECTROMIC LINE SELECTING MACHINE 


OFFICE EQUIPMENT DISTRIBUTORS (B.T.L.) LTD. (A subsidiary of British Typewriters Ltd.) 

Head Office: Empire Works, Birmingham Road, West Bromwich, Staffs. Tel: West Bromwich 2331 

London Office and Showrooms: Empire House, 34-35 High Holborn, W.C.1. Tel: Holborn 0936 
Branches — Agents — Service in ALL Principal Centres. 


PARTS TO Gf CASTINGS 
MANUFACTURED 
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LATEST INDUSTRIAL LITERATURE 





1. Non-Metallic Silent Gears. A 24-page illustrated 
brochure describes non-metallic gears which are emi- 
nently suitable for high-speed drives, and which have 
noiseless properties, owing to the ability of the material 
to absorb vibration. As a result, wear on the mating 
wheel is practically eliminated and considerably reduced 
on the driving and driven machines. Tooth grinding, 
with its resultant high manufacturing costs, so necessary 
for the silent operation of high-speed metal gears, is not 
required with these gears, and thus they provide a means 
of obtaining a silent drive at a minimum of expense. 
Furthermore, there is no necessity to enclose the gears, 
as bath or spray lubrication is not required. 

The chief advantages of employing this type of drive, 
apart from those mentioned, are low initial cost, maxi- 
mum efficiency, positive drive, small space, and possi- 
bility of running the gears dry to avoid contamination 
from oil, where this is absolutely essential. A few of the 
applications mentioned are in compressors, machine 
tools, pumps, rolling mills, woodworking machines, and 
textile machinery. 


2. Automatic Process and Temperature Control Valves- 
Full details are given in a well-produced 48-page cata- 
logue of a new range of magnetic valves for automatic 
process and temperature control, together with infor- 
mation on valves available for special applications. 
These valves and ancillary equipment can be arranged 
for any application where the control of liquids and 
gases, etc., is required. In addition to eliminating the 
human element and providing a reliable, simple, and 
inexpensive means of control, they provide an improve- 
ment in the quality of the product, economy in fuel con- 
sumption, reduction of labour cost, and protection of 
valuable equipment. A number of useful charts and 
conversion tables is included, as well as a section devoted 
to general data on magnetic-valve installation and service. 
Ancillary equipment dealt with includes rectifier sets, 
thermostats, electrothermal links, pipe strainers, mag- 
netic control switches, and engine emergency cut-out 
switches. 
3. Air Control Valves. Specially presented to permit 
selection of the required items in the shortest possible 
time and with the minimum of trouble, a 46-page illus- 
trated catalogue deals fully with a range of air-control 
valves of the hand-, foot-, pilot-, and solenoid-operated 
type, air cylinders, ejection sets, blow guns, quick-acting 
couplers and ancillary equipment, and air-control hook- 
ups. Speedier operation, elimination of worker fatigue, 
and freedom from accidents quickly repay the installa- 
tion costs and lead to expanded production at lower cost 
The machines on which installations of the equipment 
are shown throughout the catalogue are of standard 
manufacture. Air rates and power charts included are 
based on generally accepted figures in use to-day. 
4. Industrial X-Ray Equipment. A 6-page leaflet illus- 
trates and describes two industrial X-ray units for 300- 
and 150-kV d.c. operation respectively, including details 
of industrial X-ray tubes. The maximum penetrating 
power in steel of the 300-kV unit is 120 mm with fluores- 
cent screens and 80 mm with lead foils, and that of the 
150-kV unit 50 mm with fluorescent screens and 28 mm 
with lead foils. Both units incorporate such features as 
the use of dry-type rectifiers, resulting in a well-damped 
operation of the tube and therefore no undue wear and 
tear of the tube, and of operation without supervision by 
means of voltage and tube-current stabilization 
Applications of the equipment include its use In 
welding, foundry work, heavy engineering, transport, 
and in steel and reinforced-concrete construction. The 
150-kV unit is particularly suitable for testing workpieces 
of complex shape and difficult accessibility, as well as for 
radiography of light metals and plastics. 
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5. Flow-Coating Plant. A 6-page illustrated leaflet shows 
working production applications of the flow-coating 
method of painting. The advantages of this system arise 
chiefly where articles of considerable size are to be treated 
on all surfaces and where, with conventional dipping 
plant, such articles would require an uneconomical! paint 
volume in the dip tank. Furthermore, parts of intricate 
shape liable to air trapping when dip-painted can be 
completely covered by the flow-coating method 


6. Pneumatic Tools. Details are given in an 8-page illus 
trated catalogue of a range of pneumatic tools for use at 
85 psi, including drills, grinders, and hammers, as well as 
pneumatic accessories. The pneumatic hammers include 
a tool especially designed for using wire brushes of 4-in 
bore at the correct speed for best results, a special gover 
nor providing constant speed at all loadings 

Among the accessories is a reducer filter for extracting 
water, etc., suitable for up to 3 paint guns, and incor 
porating a high-pressure connection for full-pressure 
filtered air. Another accessory is an air lubricator for 
supplying atomized oil mist to tools at 85 psi, flow being 
regulated at one drop per 2 minutes upwards 


7. Bandsaw Machine for Metals with See-Saw Cut. De 
tails (in English and German) are given in an illustrated 
leaflet of a horizontal-type bandsaw machine for metals, 
incorporating a special rocking or see-saw feature. As 
distinct from conventional metal-cutting machines, in 
which blade pressure must be adjusted in accordance with 
the diameter of the material, this see-saw movement 
eliminates the need for varying cutting pressure and 
saves considerable time in cutting operations, parti 
cularly in the case of large-diameter materials. When 
cutting thin profiles, where the see-saw movement would 
not offer special advantages, this movement can be dis 
connected by operation of a lever 

By virtue of the see-saw action of the blade, the teeth 
obtain a better grip on the material, increasing the life of 
the saw and enabling it to work under cooler conditions, 
so much so that in most cases the use of a coolant is not 
required. Furthermore, whereas conventional machines 
require saws with different sets of teeth for different 
diameters of material, with the consequent loss of time 
incurred in changing saw blades, the new machine with 
its see-Saw movement requires only one saw blade for 
cutting materials of all diameters 


8. Installation and Care of Electric Motors and Control 
Gear. Produced by a leading British manufacturer of 
electrical equipment, an extremely well produced and 
illustrated 82-page booklet provides a convement and 
authoritative reference work on the installation and care 
of electric motors and control gear, including maimnten 
ance, diagnosis of faults, and the causes and effects of 
unsatisfactory performance 

The information provided in this useful litth volume 
is supplemented by diagrams, curves, and photographs 
and will be of undoubted value to maintenance staffs and 
others concerned with production programmes 
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Please send free and without obligation the literature indicated by 
the following circled numbers: 
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FESTO-MASCHINENFABRIK, ESSLINGEN, a.N., 
GERMANY. Tel: 355751 Teleprint No. 072/2256 








Save time by indexing 
and clamping pneumatically 


Saving in time 55°, 

Investment needed DM200 (approx. £17). 

All the various operations in production like 
clamping, lifting, pressing, drawing, bending, 
embossing, etc. can be rationalised. 

The FESTO-PNEUMATIC manufacturing pro- 
gramme includes air cylinders ranging from 
50 to 6000 Ib. thrust and air valves for all 
kinds of air circuits. Write for literature. 


Agencies still open 
for some countries 
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Ample power for every 
industrial requirement 

















A PROVED RANGE OF A.E.C. DIESELS 

FROM 50 TO 275 B.H.P. 
¢ WITH THE BUILT-IN EXPERIENCE 
OF OVER 27 YEARS 
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& Diesel-Electric Piant and other purposes 


500 
250 
‘ 
F 
200 
f = A.E.C. diesel engines are renowned for theu 
E ; ' , , 
. S ugh torque. Robustly designed to meet the exacting 
tan conditions in which contracting equipment and 
w50 1 j 
= similar industrial plant has to work, A.E.C. diesels 
f = are continuously proving their reliability—in a wide 
ka 
i = range of applications, They have also been designed 
| = for maximum fuel economy and for easy 
100 maintenance —units requiring routine servicing are 
easily accessible and many parts are interchangeable 
SAREE Gale RR NC A 
50 <a A.E.C. diesels are providing power for: 
| 
| | = 
| = % Earth Moving Equipment # Ships’ Auxiliaries 
. 
| % Mobile Cranes & Air Compressors 
3 
—_ ae —- ar #% Scrapers and Graders # Excavators ’ 
600 800 00 1200 i400 600 1800 
¥ Oilfield Equipment # Tractors and Bulldozers 
REVOLUTIONS PER MINUTE “ _—e a 
% Contractors’ Plant &® Pumping Sects 
% Heavy-Duty Vehicles *& Diese! Trains 








SOUTHALL a.c.v. SALES LIMITED manne ano imoustaas civision 
V A.E.C. WORKS, SOUTHALL, MIDDLESEX \ 
M1 /446 : 


THE A.C.V. GROUP OF COMPANIES INCLUDES A.E.C. AND THE MAUDSLAY MOTOR OO 
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Direct reading to 0.00005 in. 
on projection screen 

























All measurements with the Microptic 
Horizontal Measuring Machine are 
read in large clear figures from a 3} in. 
wide screen. Reading is simplified, 
setting more accurate, eyestrain elimin- 


FIELD OF VIEW 


[ } actual size 


ated. Ideal for use in Testing and 
Standards Rooms and for routine 
measuring of all types of internal and 
external work. Any number of measure- 
ments over a four inch range can be 
made with one standard setting. Capac- 
ities: Internal ,¥; to 10 ins., External 0 
to 134 ins. Metric reading model avail- 
able. Length 35 ins.; height 22 ins.; 
width 14 ins. 





Write for list ED/105 li 
HILGER & WATTS LTD. 98 ST. PANCRAS WAY, LONDON, N.W.1. Tel: GULliver 5636 


Makers of precision optical instruments for analysis, measurement and inspection. Member of the Export Marketing Company—BESTEC 
Hwiios 

















PATENT 


AUTOMATIC 
SCREWING MACHINES 


WITH ROTARY TANGENTIAL 
DIE HEADS 





These machines have been especially designed 

CATHOGUS TEE for quantity production work, and they are 
ON REQUEST capable of extremely fast rates of output. Out- 
standing features include Tangential Die Head, 
Hand and Automatic Releasing Motion, Auto- 


J NS } UA al FAP & C 0). a LT p. matic Closing Device, Automatic Pump, etc. 





ASHTON Bi UNDER - LYNE i ENGLAND A full range of sizes are available 
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275-kV TRANSFORMERS BY BTH 


1951 


120 MVA UNDER CONSTRUCTION 


BTH were first to be awarded a contract for the 
supply of 120-MVA 275/132-kV transformers for 
the C.E.A. Super Grid. 


1953 


120 MVA IN SERVICE 


The first 120-MVA unit was commissioned in 
July 1953. Up to date, ten of these units have 
been installed or are on order. 


120-MVA 275 /132-kV transformers at the Staythorpe Su 
of the C.E.A 
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180-MVA ORDER IN HAND 


C.E.A. placed with BTH one of the first two orders for 180-MVA 275/132-4V transformers 
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BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED - RUGBY © ENGLAND 
an A.E.1. Company As?” 
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if you could take 
an X-ray photograph 


You will see that the “Starcast’’ smooth finish is 
more than skin deep, in fact, quality is consistent 
throughout. Shrewd buyers specify “Starcast ’ for 
a really good casting at a reasonable price. 


MACHINE SHOP SERVICE 

Our modern machine shop service including gear 
cutting and horizontal boring will economically speed 
your production programme (A.I.D. approved). 


4p T | Ty] ACCURATE CASTINGS IN 
5 i ARCAST GREY IRON . BRASS . GUNMETAL 
ALUM . BRONZE . ALUMINIUM 


REGISTERED TRADE MARK ALLOY (SAND & DIE) 


Grev Iron Castings from + lb. to 5 cwts. each to 
British Standards Specification 1452 in grades up 
to 17 tons. 





Our Representatives are ready to visit you anytime. Write to:— 


THE STAR FOUNDRY LIMITED 
BILSTON, STAFFS. Telephone: BILSTON 41474/6 
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Brammer V-Link Belting is built up of detachable and _ inter-change- 
able links, to form a belt of any required length. 

This unique construction eliminates fatigue, the chief cause of failure 
of solid Vee Belts. 

Ease of joining up eliminates costly dismantling of machinery, bearings, 
shafting, etc. when fitted. 

Brammer V-Link Belting in action is a demonstration of Vee Belt 
efficiency. 

















For economy, fit Brammer Vee-Link Belting for all your Vee Belt 


Drives. 


Vee-Link Belting 
H. Brammer & Co. Ltd., Hudson Road, Leeds 9, England 
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IN-LINE DIGITAL DISPLAY UNIT 


Each Unit can display Figs 
0 to 9 plus 2 decimal 
points. Other combina- 
tions will be available. 


% Read at a glance—at a distance—from 
any frontal position. 


% Exceptionally large illuminated figures or letters 
on front face. 


* High contrast for utmost visibility. 
% Any number of units can be grouped or panel 


mounted. 
Write for full details 


ounting 
nstruments Ltd 












SOUNTING INSTRUMENTS LTD., 5 ELSTREE WAY, BOREHAM WOOD, HERTS 


Tel. ELSeree 1382 
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if you could take 
an X-ray photograph 


You will see that the “Starcast’’ smooth finish is 
more than skin deep, in fact, quality is consistent 
throughout. Shrewd buyers specify “ Starcast ” for 
a really good casting at a reasonable price. 





MACHINE SHOP SERVICE 

Our modern machine shop service including gear 
cutting and horizontal boring will economically speed 
your production programme (A.1.D. approved). 
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REGISTERED TRADE MARK ALLOY (SAND & DIE) 


Grev Iron Castings from } lb. to 5 cwts. each to 
British Standards Specification 1452 in grades up 
to 17 tons. 





Our Representatives are ready to visit you anytime. Write to:— 


THE STAR FOUNDRY LIMITED 
BILSTON, STAFFS. Telephone: BILSTON 41474/6 
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Brammer V-Link Belting is built up of detachable and inter-change- 
able links, to form a belt of any required length. 

This unique construction eliminates fatigue, the chief cause of failure 
of solid Vee Belts. 


Ease of joining up eliminates costly dismantling of machinery, bearings, 
shafting, etc. when fitted. 





Brammer V-Link Belting in action is a demonstration of Vee Belt 
efficiency. 








For economy, fit Brammer Vee-Link Belting for all your Vee Belt 


Drives. 


Vee-Link Belting 
H. Brammer & Co. Ltd., Hudson Road, Leeds 9, England 
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G INTE 


IN-LINE DIGITAL DISPLAY UNIT 


Each Unit can display Figs 
0 to 9 plus 2 decimal 
points. Other combina- 
tions will be available. 










*% Read at a glance—at a distance—from 
any frontal position. 


*% Exceptionally large illuminated figures or letters 
on front face. 





*% High contrast for utmost visibility. 


% Any number of units can be grouped or panel 
mounted. 
Write for full details 


ounting 
nstruments Ltd 


-OUNTING INSTRUMENTS LTD., 5 ELSTREE WAY, BOREHAM WOOD, HERTS Tel. ELStree 1362 
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rabricated fom DOUBLE BOND 








M.O.S. Spec. DTD.900/4572 
“DOUBLE BOND’ is a chemically-settiig 
metallic plastic available either as a Putty or a 
Cream. It has a wide range of production ad 
trade applications. “DOUBLE BOND’ can ‘x 
used both for making objects in its own right aid 
for sealing, joining, filling seams, channels, rivet 
and bolt dimples, etc. 
The illustration shows an assembly and drilling 
fixture made from ‘DOUBLE BOND’ by 
Handley Page (Reading) Ltd. It is used in air- 
craft assembly where extreme stability and 
accuracy are called for and demonstrates the 
excellent forming characteristics and inherent 
strength of the product. 
This example, measuring 3 ft in diameter, is the 
first and smallest of a series—one 72 in. diameter 
has now been constructed. 

Sole Manufacturers : 
THE KENILWORTH MANUFACTURING Co. Ltd 


Tel. West Drayton 3731 PBX 








West Drayton, Middlesex. 























“Thermindex’’ Paints are temperature sensitive compounds 
which indicate by a sharp, clear cut change of colour when the tem- 
perature of a surface has attained or exceeded a predetermined 
value, so that information on the temperature of an entire surface 
is given at a glance. 

Write Dept. KL/8 for full technical details. 











TEMPERATURE INDICATING PAINTS 


“THERMINDEX 








SOLE DISTRIBUTORS FOR EUROPE AND THE U.K. 


J. M. STEEL & CO. LTD. 
36-38 KINGSWAY, LONDON, W.C.2 


Tel. : HOLborn 2532/5 


Branch Offices 
51 SOUTH KING ST., 
MANCHESTER 2 BIRMINGHAM 3 
Tel. : Deansgate 6077/9 Tel. : Central 6342/3 
Manufactured by Synthetic & Industrial Finishes Led. 


45 NEWHALL ST., 














LAMINATED 
RUBBER 
V-BELT 

DRIVES 










Adjustable at 
every link. No 
dismantling when 
fitted between 
bearings. Belts 
available in all 2% 
; and 40° sizes. 
T. WHITTLE & SONS LTD 


erase POWER TRANSMISSION ENCINEERS |" 
33611 (3 lines) HEAD OFFICE AND WORKS WARRINCTON Wa 


LONDON OFFICE: BUCKINGHAM HOUSE 19/21 PALACE ST .§W 
TEL: TATE GALLERY 96l! 
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FASTER SPEEDS 
HIGHER TEMPERATURES 


ACCELERATED CORROSION 


AND 


GREATER PRODUCTION 
throughout industry 


are modern conditions which demand the 
protection of 


DELOROA 


STELLITE 


Characteristics of Stellite 6 
— a typical Deloro Alloy 


@ Heat Resistant 
— ultimate tensile strength at 850°C. is 40 tons p.s./ 


@ Corrosion resistant 
— proof against most acids 


@ Abrasion resistant 


/ — 3 two & times the life of steel of C64 Rockwell 
| | @ Non magnetic and non sparking 


These characteristics are possessed by all Stellice Alloys, and may be varied to suit a wide range of 
industrial applications. Deloro Stellite is deposited by arc or oxy-acetylene welding, or is supplied 
as castings. 

Forty years engineering experience is available through our sales and technical staff and literature 


Why not write us? 
TLD GEE DEN ERLISTE DODD IE ALLELE SERN LEGALS PLIERS SITE 
a wean 


DELORO STELLITE LTD . SHIRLEY . SOLIHULL . WARWICKSHIRE . ENGLAND 
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PRESSINGS 


If you require pressings consult Ward 
(Metal Details) Ltd. We are specialists 
in the manufacture of all types of small 
and medium pressings of any shape, size 
and thickness, in steel, tinplate, copper 
etc. from which complete assemblies can 
be fabricated by welding, soldering or 
brazing. 

Illustrated here are some examples of 
our products, and similar components Caceacueseny 
can be produced to your own specifica- 
tion and design, and supplied in painted, 
plated or enamelled finishes. 





towns gas fired Plate heating 
Furnace and Special Charging Machine 


FOR PLATES UP TO 4 THICK 
By kind permission of 
Messrs. Whessoe Limited, Darlington 





















































Gee: ee GIBBONS BROTHERS LTD 


P.O. BOX 19, DIBDALE . DUDLEY P WORCS. 
TELEGRAMS + “GIBBONS, DUDLEY” TELEPHONE * DUDLEY 314! 
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Brake shoe for small vehicle 


in Malleable Iron. 


Bearing bracket in 


Malleable Iron. Weight 3\/bs. 


SEPTEMBER, 1958 


y| 
as clean 






SL OOEL STEN 


THE HOME OF 


GOOD CASTINGS 


. 


\ 
\ 





as a Gloucester Casting 


“As clean as a Gloucester Casting’? means that Gloucester 


malleable iron castings are of high definition, 


true to pattern, cleaner and smoother becaucc 


of better 


sand practice and better fettling 


Mould and core sands and their bonding additives are under 


constant laboratory supervision, even the very sand 


grains are sized and numbered, and consistency and distribution 


of sand are strictly controlled by a contunuous 


mechanical unit 


Ihe high refractory characteristics 


prevent sand “burn-on”’ at re-entrant angles, thus greatly 


increasing the life of cutting tools during the machining proces: 
The new clevator-type electric furnace anneals in 48 hours ! 


— instead of the usual 7 days. It also allows greater 


control of the component during annealing, resulting 


in uniformity of metal, greater strength, and resistance to impact 


A typ~ical Glouceste 


Malleable specification 





Gloucester 
Blackheart Malleable 


Gloucester Lamellar 
Pearlitic Malleable 





Elongation 18Y, 
Yield Point 12 tons 
Tensile Strength 25 tons psi 





Ek Ngation s% 
Yield Point 24 tome 
Tensile Strength 44 tons pe 








Telephone: Gloucester 27041 


} GLOUCESTER 


Gloucester Foundry Lid., Emlyn Works, Gloucester 


A subudiary of the Gloucester Railway Carriage G@ Wagon Co. Lid 
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Telegrams: ‘Pulleys’ Gloucener 


CASE HISTORY 
No. 102 


BRITISH 
BEFORE = BELLOWS 
750 ee 


“DO IT YOURSELF 
AUTOMATION 


PER OPERATOR HOUR 


British Bellows Controlled Air Power Equip- 
ment is specifically designed to speed up 


AFTER nie “a > production and save layout costs. It can be 
be . ——_— fitted by your own staff—to new or existing 
1390 machinery. 


PER OPERATOR HOUR 


ROTARY FEED AIR CYLINDER 
- VALVE UNITS 
TABLES 
Photograph by cour- ELECTROAIRE LOWS -LOCKE UNIT po 
tesy of Witton —— DRILLING : 4 HYORAULIC CHECK CYLINDER 


MACHINE WITH SKIP AND STOP CONTROLS 


Moulded Insulation ] ‘Q . i UGHT & HEAVY DUTY @ DOUSLE 


4” 


Works G.E.C. A KY 


ING 
Send for full details of aot | ’ — 4 
Controlled Air Power sana = DRILL FEED = ‘ . 
Equipment—the first } sizts ~ ; ome DRILLING & Etice 


step to increased ACCURATE DEPTH CONTROL 
production. 


Rlanufactured by the GEO, H. HUGHES LTD., EDGEMOND AVE., BIRMINGHAM, 24 


Division of :— Telephone: ASHfield 1183 @ 








STAINLESS STEEL ABRASIVE RESISTING 
HEAT RESISTING HEAT & ABRASIVE RESISTING 


CYANIDING POTS 

CASE HARDENING BOXES 

CAST IRON, BRASS, GUN METAL 
PHOSPHOR BRONZE, ALUMINIUM etc. 


HIGH SPEED TOOL, DIE 
& SPECIAL ALLOY STEELS 
also STAINLESS STEEL ROAD 
LINES, STUDS & SIGNS 


HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO’ castings are available in 
a wide range of qualities 
From a few ozs up to 10 cwts each 


M.O.S. approved inspection facilities installed 
Routine X-ray control 


A fehason . Lies Tid 


Head Office: BROADFIELD ROAD 
SHEFFIELD 8 (Sheffield 52431) 
Foundry : Aizlewood Road, Sheffield 
Machine Shops : Broadfield Road, Sheffield 

London Office : Central House, 
Upper Woburn Place, W.C.1. 
(EUSton 4086) 

Glasgow Office : 93 Hope Street, C.2. 
(Central 8342/5) 


H. JOHNSON FOSTER LTD. STEELMAKERS & FOUNDERS 
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TOOLS 
FROM 


HALLMAG 





the progressive decision 


Hallmac carry immense and comprehensive stock ranges of Engineers’ Small Tools, Macrome Treated 
Tools, Hand and Power Tools. Their distribution and service network covers the country. Your entire 
current needs in this field and all future expansions and special problems can be taken care of by the 
single decision—tools from Hallmac 


HALLMAC TOOLS cumiteo 


Head Office and Depot : PO Box No. 39 Macrome Road, Wolverhampton. Telephone $2001 (9 lines) 
LONDON : 21, Ivor Place, N.W.1. Telephone PA Ddington 0204 

MANCHESTER : Transport House, | The Crescent, Salford 5, Lancs. Telephone PE Ndleton \6S6 
GLASGOW : Central Chambers, 11 Bothwell Street, C.2. Telephone CE Ntral 5066 


Sales Managers for the Hand Tool Division of the Bren Manufacturing Company 


IW Ad 48 
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Reverse Drive. 


Automatically maintains uniform 
direction of flow irrespective of the \ —— 
driving shaft rotation. Rotary, valve- “Sy 

less and self-priming in capacities 
from 80 g.p.h. to 2,300 g.p.h. these 
pumps are suitable for most non- 


Forward or 
Ler 
\ 






















TUTOMATICALEY 


corrosive liquids up to 300° F of E 

\BL 
practically any viscosity. Foot or REVERS i 
flange mounting. puMP i 







this pump 
keeps on 
working 


MEASUREMENT LIMITED 


MANUFACTURERS OF LIQUID METERS, ROTOPLUNGE PUMPS 
AND CONTROL APPARATUS 
TAMESIDE WORKS : DOBCROSS : NEAR OLDHAM 
Telephone: Delph 424 (5 lines) Telegrams: SUPERMETER, Dobcross 
Export Inquiries to: PARKINSON COWAN GROUP EXPORTS LTD., ; 


TERMINAL HOUSE, GROSVENOR GARDENS, LONDON, S.W.1, 
Telephone: SLOane 0111/4. Cables: DISC, London. 


A Parkinson Cowan Company 


Ls oe RO NNR MRI ran Ra 









For increased efficiency... | 
Flptlls | 


‘ put it on X Castors 


‘Putting it on castors’ is certainly the way to speed things 
up, and to an amazing extent when the right castors are 
used for the job. The varied uses of Flexello castors are 
virtually limitless. They are used in nurseries and steel 
mills, aircraft plants and beauty parlours. Flexello has 
the range, the service and facilities to make castors the 
true servant of the production manager, the hospital mat- 
, ron, the restaurant manager or the storekeeper. Closest 
inspection, superior 
design and up-to-date 
production methods 
have made Flexello 
the largest castor 
manufacturer in 
manage. CONSTANT QUALITY .4@@a, 


Only a very small section of 


our range is shown here. CASTORS g e 














Please send for catalogue 

No. 156 ED or a technical 

representative for industrial 
| advice. 


| FLEXELLO CASTORS & WHEELS LTD., SLOUGH, BUCKS. Tel: SLOUGH 24121 
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From 1/100th to 300 horse- 
power U.S. PowerGrip Timing 

Belts offer positive, non-slip 

drive with an efficiency close 

to 100%. Power load is re- 

duced and the need for lubri- < 
cation is eliminated—two fac- 

tors which help to cut main- 

tenance costs. PowerGrip is 

ultra compact in width and pulley diameter and, as 
there is no belt stretch, operation on fixed centres is 
possible. Other advantages include lightness in 
weight, constant angular velocity, design flexibility 
anc absence of noise or vibration. Write for full 
particulars and see how PowerGrip can solve 
YOUR power transmission problems. 


WILLIAM KENYON & SONS LTD. 

CHAPEL FIELD WORKS - DUKINFIELD - CHESHIRE 
Telephone: Ashton-u-Lyne 16147 and 3673 6 

DISTRIBUTORS IN THE UNITED KINGDOM AND NORTHERN IRELAND 
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TYPE N.T. ABRASIVE 
CUT-OFF MACHINE NEW 


HYDRO CUSH/PUSH 
TRAVELLING WHEEL 
HEAD INCORPORATING 
FOOT OPERATED PLUNGE 
CUTTING ACTION 

DRY CUTTING 
MANUAL OPERATION 
SPARK DEFLECTION 

TO WATER 

TRAY BELOW 

THE TABLE 


OTHER MACHINES ARE 
ALSO AVAILABLE. 


PERFORMANCE DATA WITH 
10 HP MOTOR MAX. 
CAPACITY: 
FOUNDRY RUNNERS 
FERROUS 3’ DIA. 
NOW FERROUS 4’ DIA. 


M8 CHANNEL 12’ x 4’ 


SOLID BAR FERROUS 3’ DIA. 
NON-FERROUS 4’ DIA. 


M.S. ANGLE 8’ x 4" x ?' THICK 


FLAT STEEL 12’ WIDE x 1’ 
THICK 


MAX WIDTH 
WHEN MITRE 
CUTTING 6’ 


CUTTING TIMES: 5 SECONDS 
FOR EACH SQ INCH OF 
CROSS SECTIONAL AREA 
PLUS HANDLING TIME 


L. J. H. BALLINGER LTD. 


STATION ROAD, WOODCHESTER, STROUD, 
JGLOUCESTERSHIRE, ENGLAND. 
Telephone : AMBERLEY 2186 


See us at The International Machine Tool Exhibition, Milan, on Stand No. 4600, Hall No. 4. 
Agents: R. Meyer & Co., Corso Galileo Ferraris, 63A, Turin, Italy. 























ALLOY STEELS 


—too!! 


For many years it has been known that 
-40/50%, Carbon Steel Gears will give 
an appreciably longer life when Flame 
Hardened—in fact four to five times 
the normal. 

Fewer people are aware that Alloy 
Steels—Nickel Chromium—En 23, En 24, 
En 110, etc., can be similarly treated .... 
and pass the most stringent tests. 


Write us or "phone for full information. 


FLAME HARDENERS LTD. 


Shorter Works, Bailey Lane, 
Sheffield, |! 
Tel.: 21627 


VULCASCOT ANTI-VIBRATION PADS 


The Oil Resistant Machine Mountings 
Tested and proved by years of usage 


Check vibration, shock & noise 

Make machine installations easy 

No fixing bolts required &< 

Save maintenance time and cost 

Combat nervous strain 

Isolate loads up to 4 tons per sq. ft. 

Standard sizes : 18in. x I8in. xX te" @ IMPROVE 
and 36 in. x I8in.x &"° PRODUCTION 

Manufactured by :— 


VULCASCOT (Gt. Britain) LTD. 
87-89 ABBEY ROAD, LONDON, N.W.8 























Telephone: MAlida Vale 7374/5 for delivery from stock ! 
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SEPTEMBER, 


This is a typical 
telephone relay, the 
heart of S.T.C. re- 
mote control systems 
It is around this 
long tested, and com 
pletely reliable unit 
that all the various 
types of S.T.C. tele- 
control systems are 
designed. 


1958 


Starting a revolution 


S.T.C. supervisory remote control and indication systems are revolu 


tionising control operations in public power generation and distribution 
networks, traction systems and in industry throughout the world 
S.T.C. engineers, with a wealth of experience in the application of 
remote control systems, are ready to co-operate in simplifying YOUR 
control problems. 

Write for leaflet D/RC.27 


S.T.C. REMOTE 
CONTROL SYSTEMS 


) Standard Telephones and Cables Limited 


Registered Office Connaught Hewse, Aldeych, Landen, WC) 


TELEPHONE DIVISION: OAKLEIGH ROAD, NEW SOUTHGATE, LONDON, NII 
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“CRO SS SPRING WASHER 


is the finest locking device yet evolved! 


Produced primarily for aero engines, the Cross Spring Washer is 
made from finest steel wire to DTD/239A specification and has the 
Cross patented ground edge with a perfect sprag to prevent the 
nut from coming loose. Even after years of vibratory conditions this 
spring washer will not *‘ sit down ”’ 


MANUFACTURING CO (1938) LTD 
CROSS. COMBE DOWN * BATH * Phone 2355 





The right gauge for the job 


IN THIS GEOPHYSICAL YEAR — remember 


3” Dial Diameter 
Bottom Connec- 
tion Mounting 
MONOGAUGE. 


The size of the dial. means of mounting, 
working conditions and many other 
factors have to be carefully considered 
when selecting THE RIGHT GAUGE 
Read Toede Mari FOR THE JOB. We have a wide range 


i THE WORLD FOR THE LAST 35 YEARS of caqueys and long experience of gauge 


usage at your disposal. 


Make sure it’s genuine—look for the “Jubilee” Trade Mark David Harcourt Ltd 


LINKULA WORKS, 
L. Robinson & Co. (Gillingham) Ltd., COVENTRY ROAD, BIRMINGHAM, 10 


London Chambers, Gillingham, Kent. Tel. 5282 Phone : Victoria 1051-1052. Grams: Linkula. Birmingham 10 


A member of SMITHS Industrial Instrument Division 
AP.252/13 








FOR ALL : 


INDUSTRIAL ° 
PURPOSES ubtucolors 
From One Feed to Twenty 


Fitted on Main and Auxiliary Engines of over 2000 ships 
used by all leading British and many Continental Engine Builders 


J]. & W. KIRKHAM LT°. BOLTON 


PHONE: 8027-8 GRAMS: BRASS 
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This is for the record 


A new chart roll is being fitted to the water gauge to 50 Ibe. per square inch. They 


Arkon Recorder. The old one has gone for give a clear, unmistakable record which you 
analysis and comparison Soon the door ean read like a book, without hesitation and 
will be closed and the pen will make its without mistakes, You can leave the chart on 
clear current indication for a few hours, a day. or a week—the record 


will alwave be there. basily read, easy to look 


P P t p rar and air 
Arkon Recorders measure gs . after robuet enough to stand on the ! 
flow, pressure or vacuum, or pressure and Arkon Instruments can help the control of 
vacuum; flows in one inch pipe or 36 inch any process and their accuracy will nati 


mains, pressure or vacuum from 6.1 inches even the men im the lab 


More about them in pam »hiet AC 24 


WALKER, CROSWELLER & CO. LTD., CHELTENHAM 


Telephone: CHELTENHAM 56317 
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You'll have no more 

worries about nuts and 
bolts working loose if you 

fs | fit KOLOK positive lock 

washers. Available in 

all sizes. 


POSITIVE LOCK WASHER CO. LTD. 
45 RENFREW STREET, GLASGOW, C.2. 





GRIPOLASTIC 


ENDLESS BELTS 


for Power 
Transmission 







give unequalled 
performance ON ALL DRIVES 


Sole Manufacturers: 


LEWIS & TYLOR LTD 


Power Transmission Engineers 
Gripoly Mills CARDIFF Tel: Cardiff 26301 






















LONDON MANCHESTER GLASGOW 
Telephone: DOUglas 9292 cetera ans. SW 2 Ghnstow St, 1 eMac cy ss0" 
el: oane ei: Ventra 
PRECISION MERCURY-IN-STEEL 
‘ ’ : TEMPERATURE INSTRUMENTS 
slideway grinding DIAL 
THERMOMETERS 
? / ” for Industrial purposes. 
at one setting DIAL 
P THERMOMETERS 
for Diesel engine use. 
=_ INDICATOR 
a CONTROL 
SPECIALISTS IN \ ar ee Ge el 
MACHINE-TOOL , 





REBUILDING 







The Brockhouse Unit Grinding 
Head and Truing Device is suitable 
for horizontal and vertical grinding. 
* Easily adaptable on most standard machines. 
* Rapid and accurate. 
* Slideway grinding enquiries invited. 


Jj. BROCKHOUSE & CO. LTD 


Elms Works, Penn Road, Wolverhampton. Phone: 2380! 


A102 









MAX. or MIN. 
INDICATORS. 






TEMPERATURE 
RECORDERS 


Single or Dual Pen. 
Fixed or Portable Models. 


TEMPERATURE 
CONTROLLERS 


Indicating and Non-Indicating 


VISIT STAND No. 31! 


Industrial Fuel Efficiency Ex- 
hibition, Olympia, Sept. 24th 
—Oct. Ird, 1958. ‘ 


Also a full range of BI-METAL and VAPOUR-PRESSURE 
Temperature instruments. Write for details. 


THE BRITISH ROTOTHERM CO., LTD. 
Merton Abbey, London, S.W.19. Tel.: LiBerty 7661 
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& Rolling 
S- on 
e. rollers 








@ 












5S Ud 


Precision Rollers and Needles for Bearings 


Piease write for fully detailed 
literatu nd prices to 


chudin & Heid Ltd. 


leestr. 





ne aR > 
a 
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There’s no limit to 
the versatility of 


me RICHARDS 
Precision Repetition Machining 


We are equipped for machining on Single and 
Multi Spindle Autos from }” to 3” diameters in 
Free Cutting Mild Steel, Brass, Alloy Steels, etc. 
Turning, Milling and Grinding capacity available. 













& 








CHARLES RICHARDS & SONS LIMITED 


P.O. BOX No. 23, DARLASTON, WEDNESBURY, SOUTH STAFFS 











MILAN MACHINE 
TOOL EXHIBITION 


llth—2lst SEPTEMBER 


You are cordially invited 

to visit us in Hall 1, STAND 

1800, where the interpreting 

and business introduction 

service of our staff are at 
your disposal. 
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BOXES of assorted 
IAN SPRINGS 











\ @ 3 DOZ. SPRINGS 
van \ PER BOX 
a, > @ ALWAYS 


READY FOR 


aa 


TENSION 
SPRINGS 
Box No. ATL 1/18 
17G to 25G. I” to 
6” long. Price 6/4d. 
per box. 

Box No. ATH 19/36. 
16G to IIG. Ih" to 6” 
long Price 25s. per box. 
COMPRESSION SPRINGS 
Box No. ACL 101/118. 17G to 25G. 
4” to 3” long. Price 10/4d. per box. 
Box No. ACH 119/136. 16G. to 1IG. I” 
to 6” long. Price 14/0d. per box. 


ALSO SPRINGS TO SPECIFICATION. 


AIREDALE SPRING MANUFACTURERS LTD. 
OXENHOPE, Nr. KEIGHLEY, 8. Yorks. Tel: Haworth 3287 


Send for our 
list of Standard 
Springs. 


DIGEST 
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A great deal of skilful planning coupled 


with a tremendous amount of hard work Tufnol is used from the masthead to below 
the waterline, ¢ amper & Nicholson Lad 
used Tufnol for all the halliard sheaves and 
Britain’s challenger for the America’s rollers, M. S. Gibb Lad., used Tufnol 
i for all blocks and sheet winches 

Cup. The materials had to be light Lewmar Engineering Co. Ltd., used Tufnol 


was put into the building of 


for spec ial snatch blocks. The ‘Tufnol 
yet strong and of the utmost stecriny whee a stecring wite wraping 
} 
reliability so that it is drum. foredeck foot rails and 
‘ rudder bearings and tube were made b 
not suprising to find so many Tufnol Ltd. Munster Simms and 
eps : 0. Lid., made bilge pumps having 
parts are made of Pufnol. | ufnol washers and bushes 


VERSATILE TUF NOL THE ENGINEERS’ MATERIAL 


(REGISTERED TRADE MARK) 


sUPFR ODO LL . T Pr Bas ft 
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A 
RING SPRINGS for shock ab i d d 
RING SP RING dissipation of shock ‘ona of genien rolled rings 


within fine tolerances and close specifications. 
ASSEMBLY 


| 


I | | 
| | ll | | SLING CHAINS 


NEW AND REPAIR SERVICE 





IN HIGH TENSILE STEEL & WROUGHT IRON 


<r | | CHAINS 





Wawa 
100000 ig 


LONGITUDINAL SECTION FORGINGS & DROP FORGINGS 


OF A RING SPRING 








A SPECIALITY RINGS BOTH WELDED AND WELDLESS 
IN CARBON & ALLOY STEELS . STAINLESS 
““NIMONIC”’ ALLOYS . TITANIUM . LIGHT ALLOYS, ETC. 


N. HINGLEY &SONS & RING SPRINGS 


LIMITED LIMITED 


NETHERTON IRONWORKS * DUDLEY °* WORCS. 


rhe wieriding Procens| | |FAMM 


for Case—hardening 
Special Steels by (enhes 


Nitrogen offers 


COMPRESSION IW ta/a 




















ESTABLISHED 1923 


Se. xe S SN 
Surface hardness up to 1100 D.P.H. 1 & 
Retention of full hardness after > , 


heating to 500° C. ey TUNGSTEN CARBIDE INSERTED 


; i i They are Tough and Hard and outlast many H.S. 
Maximum resistance to frictional Senet or “tive” Contras, “PARE” aeons 
wear and fatigue. accuracy with economy. They are supplied in all 
standard tapers, or special for light or heavy duty 
lathes and grinding machines. ‘‘ PAREX"’ mecal 
Improved resistance to corrosion is not affected by ordinary abrasive grits. Send 


lal ERNEST TURNER « Co. S4.#0R0 LTD 


Particulars from:— “ Parex” Works, West Burton Street, Salford, 5. 
NITRALLOY LIMITED Tel. Tra. Park 1381. 


ATLAS WORKS SHEFFIELD 4. nae —s — 
Telephone: 26646 Sheffield. Telegrams: Nitralloy, Sheffield. 
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industrial 
FUEL 
EFFICIENCY 
EXHIBITION 


This Exhibition will be the largest-ever 
display of its kind. Approximately 150 exhib- 
itors will demonstrate the widest possible range 
of industrial fuel efficiency equipment, including: 


WU 


STEAM RAISING PLANTS COAL AND 
ECONOMISERS, ASH HANDLING, 
AUTOMATIC CONTROL OIL STORAGE, 
GEAR, FURNACES, 
STEAM DISTRIBUTION REFRACTORY AND 
ACCESSORIES, INSULATING MATERIALS, 
EVAPORATORS, GAS PRODUCERS, 
INSTRUMENTATION, HOT WATER BOILERS 
LIQUID FUEL AND COAL INDUSTRIAL FUELS, 
FIRING EQUIPMENT, NUCLEAR POWER. 


There will also be a series of Technical Conferences 
arranged by The Institute of Fuel 


NATIONAL HALL 


OLYMPIA 


LONDON 
24th SEPT. - 3rd OCT. 1958 


Open daily (except Sunday) from 
10.30 a.m. to 6.0 p.m. 


Supported by 
Atomic Energy Authority. 
British Industrial Measuring & 
Control Apparatus Manufacturers’ Association. 
British Iron & Steel Federation. 
British Oil Burner Manufacturers’ 
Association Limited. 
Combustion Engineering Association. 
National Industrial Fuel Efficiency Service. 
Organisers 
PROVINCIAL EXHIBITIONS LTD. 


in association with 
F. W. Bridges & Sons Led. 
All enquiries to 
PROVINCIAL EXHIBITIONS LTD., 
City Hall, Deansgate, Manchester. 
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TURQUOISE 
is not ‘just another’ 


drawing pencil 


The lead in Turquoise pencils is something quit 


special. It is prepared from 10x electrons 
which after being cleansed of all impurities 
particles of 1/2§,000 of an inch, hen bie 
clay and steeped in hot waxes 


c graphit 
6 apun to 
nded with 


A finer, more compact lead structure results, because 


millions more minute graphit« 
pressed into every inch of lead 


This lead structure makes Turquoise the most reliable 
pencil you can use It ensures exceptional smoothness 
—this cases your work. It means less wear and greater 
resistance to point breakage-this saves ume and 
moncy. It means denser, more opaque lines for 
cleaner, sharper reproductions 


particles 








rc 


Turquolse Grading is Tried 

Turquoise pencils are made in 1 

Each is compounded from 
’ precisely controlled bas 


are com 


a 


and True 
’ gradings 
a scperete 


formula of 


tso graphite and clay, and cach is therefore 


AVAILABLE 


Ras uniformly spaced as the 


your rule, 


Turquoise 
Grawing leads 


inches on 


CHEMI-SEALED Super-bonded 


DRAWING PEN 


cILS 


5 with 1007. ELECTRONIC Grophite 


T.14A 


BAGLE PENCIL COMPANY ASHLEY BRD TOTTENHAM, Ni7z 
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Vege Yorn 
COUNTER & BATCHER 


Yor productiow 
or laboratory Hse 













This new Elcontrol unit has four main uses 


1. As a high speed counter up to 500 counts 
per second. 

2. As a batch counter up to 9999. 

. As a timer. 

4. As a time measurer of mains frequency 
accuracy having 10 milliseconds resolution. 

It responds to pulses from external contacts, or from a 

built-in photoelectric amplifier, or from its own self-gener- 
ated 100 cycle pulses which enable it to be used as a timer. 
_ It has many interesting features of practical value to users, 
including a “ divide by two” stage which enables it for 
example, to count rings phoioelectrically although each ring 
breaks the light beam twice. 

Construction is based on an arrangement of fully with- 
drawable and unpluggable sub-chassis, and the unit is 
designed for general industrial use, although it is equally 
suitable for laboratory work. 

We welcome details of users problems in relation to batch 
counting, timing and measuring. 


ELCONTROL 


Aw 





ELCONTROL LIMITED 
WILBURY WAY * HITCHIN * HERTS 
Telephone :—Hitchin 2411 













AND THE 
6+ OF IT 


A 
THE LONG 
SHORT . 













VES ESP ELE REPEL ELLE PPh eee 


IN COARSE. 
We can 
Threadmill PITCE 
Threadgenerate SCREWS 
Threadwhirl 
Threadroll PRECISION 
Threadcut MADE SCREWS 


AND NUTS TO 


Threadgrind 
SPECIFICATION 


Internal or External 
Special and Multi-start 


A.l.D. 


SPECIALISED EQUIPMENT 
AND WIDE EXPERIENCE 
ENABLE US TO QUOTE 
YOU KEEN PRICES 


Approved C.I.A. 


Approved Suppliers to 
Ministry of Supply and 
leading manufacturers. 





Recirculating Ball nuts and screws 


METALIFACTURE L” 


DAKEYNE STREET, NOTTINGHAP! 
TELEPHONE 42055 
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Index to Current Advertisers and their Advertising Agents 


Abbey Panel and Sheet Metal Co. Ltd., The — 


Agency—Willington Advertising Lid 
Acral Ltd. _ 
Agency—F. W. Sears Ltd. 


Acru Electric Tool Mfg. Co. Ltd. - 
A.C.V. Sales Led. Ass 


Agency—Crane Publicity Lid 
Airedale Spring Manufacturers Ltd Al04 
Agency—Powney Parker Publicity Services Lid 


Aldridge Plastics Led. _ 


Agency—L. Graham Browne (London) Ltd 
Archdale, James & Co. Ltd — 
Armstrong Patents Co. Ltd A7 

Agency—Pickersgill Publicity Service Lid 
Armstrong Siddeley (Brockworth) Ltd A73 

Agency— Dolan, Ducker, Whitcombe & Stewart 

Ltd 
Ashmore, Benson, Pease & Co A49 


Automotive Engineering Ltd — 
Agency ". S. Crawford Ltd 


Automotive Products Company Ltd —_ 


Agency—H. Raymond Morgan 

Avo Ltd. _ 
Agency National Publicity Co. Lid. 

B.R.C. Engineering Co. Led A45 
Agency— Murray Watson Ltd 


B.S.A. Tools Ltd Cover 4 

B.T.R. industries Ltd. — 
Agency— Dorland Advertising Lid 

Bassani, S.p.A A33 


Bailey, Sir W.H. & Co. Led _ 
Technical & General Adv. Agency Ltd 


Agency 
Ballinger, L. J. H. Led A%9’B 
Beakbane, Henry, (Fortox) Led Cover 3 
Bergonzi, Angelo A32 
Berardi, Rino Officine A29 
Birfield Group A75 
4gency—Central News Lid 
Boltri, Lodovico A34 


Borg & Beck Co. Ltd 
Agency—H. Raymond Morgan 


Borg-Warner Ltd 
4gency—Stowe & Bowden Ltd 


Bossi, Negri & C., S.p.A Ai4 


Brady, G., & Co. Led 
Agency—Stowe & Bowden Lid 


Brammer, H., & Co. Ltd A88 


A4gency—Harrisons Advertising Lid 

Brass & Alloy Pressings (Deritend) Led AS 
4gency— Maurice G. Parker Lid. 

Brayshaw Tools, Led Ai4 


4gency—Ingham Butterworth Lid 


British Electrical Repairs Led _ 
Agency Donald Macdonald ( Adv.) Lid 


ritish Oxygen Gases Ltd A78 
Agency—F. C. Pritchard Wood & Partners Lid 


ritish Power Transformer Co. Led. _ 


Agency—John Mitchell & Partners Lid 

ritish Rolling Mills Led A43 
Agency Maurice G. Parker Lid 

Sritish Rototherm Co. Led., The A102 
Agency —Pitchford's Advertising Lid 

jritish Thomson-Houston Co. Ltd., The A87 
Agency —Technical & General Adv. Agency Lid 


ritish Timken Led a 
Agency ——H. Raymond Morgan 


\roadbent & Co. (Rochdale) Led — 


Agency—Arthur Burns Publicity 

rockhouse, J., & Co. Led A102 
Agency-A. N. Holden & Co. Lid 

ronx Engineering Co. Led., The Allo 


Agency—-A. N. Holden & Co. Lid 
Srown, Boveri & Co. Ltd _ 


jrown, David, Corporation (Sales) itd.. The — 
Agency— Dudley Purner & Vincent Lid 
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Carter Gears Led Aw 
Cementation (Muffelite) Led A20 
Agency—Napper Stinton & Woolley Lid 


Chapman & Hall Led — 

Chatwin, Thomas & Co -- 
Agency—-A. N. Holden & Co. Lid 

Churchill, Charles, & Co. Led _— 
Agency—Technical Advertising Service 

Churchill Machine Tool Co. Led., The Avi 
Agency Associated British Machine 7 j 

Makers Lid 

Clayton-Wright, Howard, Led — 
Agency—Ripley Preston & ( Lid 

Coin Insulation Led 
Agency —Havas Lid 

Colt Ventilation Led A2 
Agency —Greenlys Lid 

Cooper & Co. (B'ham) Led - 


Agency Nicholls Dorrity Advertising Lid 
Cossor Instruments Led AB0 
Agency—Technical Advertising Service Lid 
Coulthard, Wm., & Company Led AS4 
Counting Instruments Led A89 
Agency —Pitchfords Advertising Lid 


Crofts (Engineers) Led 


Croda Organization, The A48 
Agency—Storey Evans & ( Lid 


Cronite Foundry Co. Lrd., The Cover 2 
Cross Mfg. Co. (1938) Led A100 


Agency —West Advertising Lid 

Crossley Brothers Led Aj 
Agency—Osborne-Peacock Co. Lid 

Crowthorn Engineering Co. Led Alo 


Agency—-J. K. Clayton Advertising Lid 


Delapena & Son Led AS} 
Agency——S. D. Toon & Heath Lid 
Deloro Stellite Led Ad! 


Diamond Screw & Cotter Co. Led., The 
Agency A. N. Holden & Co. Lid 


Dubied, Edouard, & Cie, S.A 


Dunlop Rubber Co. Led Al & A77 
4een Charles F. Higham Lid 

E.M.1. Electronics Led A70 
Agency——Clifford Martin Lid 

Eagle Pencil Co A\07 
Agency —Saward Baker & ¢ Lid 

Elcontro!l Ltd A\03 
Agency —Fdk. Potter Lid 

Electric Construction Co. Ltd., The ASB 


Electric Resistance Furnace Co. Ltd 

Agency Nigel Rainbow & Partners Lid 
Electrical Power Engineering Co. (B ham) icd. ASB 

Agency Nicholls, Dorrity Advertising Lid 
Ellioct, E., Led 

Agency Sterling Advertising Lid 
Ellison, George, Led 

Agency——-Crossley & Co. Lid 
English Electric Co. Led., The 

Agency —-Technical Adv. Service 
English Glass Co. Led., The 

Agency — Frank Gayton Advertising Lid 
English Stee! Too! Corporation 

Agency— Technical & General Adv Agen y Lid 
E.N.V. Engineering Co. Led 


Agency Allardyce Palmer Lid 
Farrar Boilerworks Led . The Als 
Agency —Harrisons Advertising Lid 
Festo-Maschinenfabr ik ABs 
Firth-Derihon Stampings Led., The Alt 
Agency Stanley D. Dickson 


Firth, Thos., & John Brown Led ” 


Agency —Stanley D. Dickson 
Fischer Bearings Co. Led Al4 
Agency -H. Raymond Morgan 
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Flame Hardeners Lcd A%3 

Fiexello Castors & Wheels Led A% 
Agency — Dudley Turner & Vincent I 

Fodens Ld 
Agency 4. H. Knowles Lit 

Fonadek (Branson) Limited Ai? 
Agency Beardmore Advert ng lid 

Ford Motor Co. Ltd Ae? 
Agency——-Rumble Crowther & Nicholas I 


Francis, Wm. C., Led 


Fraser, Andrew, & Co. Lcd 


dgency J. Peers and As ates l 

Gas Council, The 
4genc) C. P. Wakeneld lid 

General Electric Co. Led, The 

Gibbons Bros. Led A?) 
Agency jott Advertising Lid 

Gloucester Foundry Led A9)} 
Agency Print for Industry Lid 


Goodyear Tyre & Rubber Co. (GB) Led 
The aTe 
Agency Erwin Wasev Ruthrauff A Ryanil 


G.P.A. Tools & Gauges Led 
Griffiths, A. E. (Smethwick) Led 
Griffichs, Gilbart Lioyd & Co. Led 


dgencs Nicholls Dorrity Advert ne is 
G.W.B. Furnaces Led Aiio 
4gency Crane Publicity I 
Guidects, Giovanni A288 


Hackbridge & Hewitt Electric Co. Led 
Agency Industrial Publicity Ser 


Hallamshire Stee! & File Co Led. The 


4genc) Downtons Lid 
Hall, Harding Led ve 
Halimac Tools Led Aw" 
Agency Jack White A A 
Hancock & Co. (Engineers) Lid 
Agency Tl ihbenham Put i 
Harcourt, David, Led Aie 


Agency Allavdyce Palmer l 


Harvey. G.A.. & Co. (London) Lud A 
deen GP. Hugh Adve 

HMathernware Lid 
gency Donald Macdonald (A i 

Heap, Joshua, & Co. icd AM 

Heenan A Froude Led 
Agen) henle Advert l 

Hermetic Rubber Co Lid AS4 

Hilger & Watts Led AM 
dgemy Crane Publ tyl 

Hingley, N Sons, Lad A106 
degen) Maurice G. Parker lid 


Hoffmann Mfg. Co. Led, The 


Holden, Arthur, & Sons Lid 
Agency S. D. Toon A Heath Lid 


Holroyd, John, & Co. Led Al 
Agency. R. Casson Lid 


Horstmann Gear Co Led. The 


Agency Trowbridge Prichard & ¢ i 

Hughes, Geo . Led Ave 
Agency Elliott Advertising Lid 

hunt & Micon Led over 3 


Agen Tom C. Gough 4 Partner I 


ideal, Fabbrice italiane Traper AN) 
iord Led 
Agen + Sameon Clark A ¢ lid 


imperial Chemical Industries Led 


Agency 4 lifford Martin Lid 
Impero AM 
impregnated Dramond Products Lid Aa 


Agency 1. Allan Caaper A Co Lid 


industrial Fan & Heater Co Led 


Agemy Simtlais Advertising Agen, 
Induetreal Fuel EMiccency Cah etetroe aio? 
Agemy 4 ammmercial Publicity (Ul amen) Lad 


Aiov 





Control Panels for 
special purposes 


G.W.B. design and supply centralised control 
panels for many industrial applications. Available 
in a variety of forms, these panels conform to the 
most stringent specifications. Contactors, relays 
and isolators controlling individual machines are 
contained within separate compartments, and all 
maintenance and replacement of contactors and 
ancillaries may be carried out from the front. 
G.W.B. engineers are available for the solution of 
circuit probiems and any special operational re- 
quirements. Sales and 
service staff are situated at 
convenient points through- 
out the country. 


Two section, two-tier panel, one 
of a series supplied to a well- 
known paper manufacturing firm. 








Special purpose panel 
supplied for the con- 
trol of an automatic 
brickmaking _ plant. 


Multi-motor control 
panel with individual 
compartment and 
isolation for each 
motor starter; sup- 
plied to a _ large 
synthetic fibre manu- 
facturing concern. 


All contactors are made to the famous G.W.B. 
standards. Among the many refinements making 
them pre-eminent in their field are 


% Sintered Tungsten-Silver contacts for LONG LIFE 
% Open type construction for EASY MAINTENANCE 
% Special coil design giving LOW CURRENT ABSORPTION 


G.W.B. Low Tension contro! gear 10—1,400 amps A.C. & D.C. 


G.W.B. FURNACES LTD 


Control Gear Division 
P.O. BOX 4, DIBDALE WORKS, DUDLEY, WORCS 
Telephone No. DUDLEY 4284/5/6/7 Telegrams: GIBWILDBAR, DUDLEY 


Proprietors: Gibbons Bros. Ltd. & Wild-Barfield Electric Furnaces Ltd. GWB407 


All0 





Off-the-shelf 
DELIVERIES! 


Press Brake Tools for 
any make of Brake 


These stock tools are economical, and the quick de- 
livery saves time in tooling. They are available in any 
length from 4 to 12 feet in increments of 2 feet. 


Stock dies are used for a surprisingly large variety of 
bending operations, and, with Bronx Tools you get bonus 
performance and increased tool life at no extra cost. 
Remember, these tools can be used in any make or size 
press brake. 


THE BRONX ENGINEERING CO. LTD., 
LYE, WORCS. Telephone: LYE 2307 & 2308 


LONDON & SOUTH OF ENGLAND AGENTS: 

W.E. NORTON (Machine Tools) Led. 

Grosvenor Gardens House, Grosvenor Gardens, London, $.W.1 
Telephone: TATe Gallery 0633/4. 





THE ENGINEERS’ DIGEST 





Innocenti A36 & A37 


Insuloid Manufacturing Co. Led. a 
Agency—W. Hopwood & Co. 


international Combustion Products Ltd. 
Agency—Technical & General Adv. Agency 


Johnson Foster, H., Led. Ag4 

Kayser, Ellison & Co. Ltd. ASS 
Agency—Stowe & Bowden Ltd. 

Keelavite Rotary Pumps and Motors Ltd. 
Agency—Cogent Advertising Service Ltd. 

Kendall & Gent Ltd. 


Agency—Associated British Machine Tool 
Makers Ltd. 


Kenilworth Manufacturing Co. Led. A90 
Agency—Glovers Advertising Ltd. 
Kenyon, William & Sons Led. 
Agency— Rowlinson-Broughton 
Kirkham, J. & W., Led. 
Klaxon Ltd. 
Agency—C. Vernon Ltd. 
Lang Pneumatic Led. 
Agency—J. Peers and Associates Lid. 
Lewis Spring Co. Led., The 
Agency—Nicholls Dorrity Adv. Ltd. 
Lewis & Tylor Led. 
Agency—Glovers Advertising Ltd. 
Ley’s Malleable Castings Co. Led. 
Agency—H. Raymond Morgan 
Lincoln Electric Co. Ltd. 
Agency—London Press Exchange Ltd. 
Linread Led. 
Agency—Beardmore Advertising Ltd. 
Lioyd, F. H., & Co. Led. 
Agency—Print for Industry Ltd. 
Lodge Plugs Ltd. 
Agency—Elliott Advertising Lid 
Madan, Chas. S., & Co. Ltd. 
Agency—Portland Advertising Ltd. 
Magnetic Valve Co. Ltd., The 
Agency—Crane Publicity Ltd. 
Mariani, Romildo A30 
Measurement Ltd. AM 
Agency—Robert Brandon & Partners Lid 
Metaducts Led. Als 
Agency—J. Peers & Associates Lid 
Metalifacture Led. 
Agency—Rex Publicity Service Ltd. 


Metropolitan-Vickers Electrical Co. Ltd. As 
Agency—Technical & General Advertising 
Agency Lid. 


Midland Industries Ltd. 
Agency—A. A. Black Ltd. 


Minganti Giuseppe, & Co. 
Mirrlees, Bickerton & Day Led. 
Agency— Rowlinson- Broughton 
Monks & Crane Ltd. 
Agency—Sandbrook, Metcalf & Co. Lid. 
Moon Bros. Led. 
Agency— Douglass & Co. Ltd. 
Morgan Crucible Co. Lted., The A386 & A39 
Morris, Herbert, Led. — 
Morris, B. O., Led. = 
Agency—Cogent Advertising Service Ltd 


Mountford, Frederick, (B'ham) Led. A6S 
Agency—S. D. Toon & Heath Lid. 
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Mullard Led. 
Agency—Roles & Parker Lid 


Napier, D., & Son Limited 
Agency—C. R. Casson Lid 

National Gas & Oil Engine Co. Ltd 
Agency— Rowlinson- Broughton Lid 

Neill, James, & Co. (Sheffield) Led 
Agency—J. K. Clayton Adv. Agency Lid 

Newage (Manchester) Led. 
Agency—Howard Panton Lid. 

Newall, A. P., & Co. Led. 
Agency—Osborne-Peacock Co. Lid. 

. 
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Index (continued ) 


Newall Group Sales Led. 
Agency—J. Peers and Associates Lid 
Nitralloy Led. 
Agency—Stanley D. Dickson 
North British Rubber Co. Led., The 
Agency—The Robert Freeman Co. Lid 
Nu-Swift Led. 
Agency—Central Advertising Service Lid 
Office Equipment Distributors (B.T.L.) Ltd. A83 
Agency—Rylee Advertising Lid 
©. M. Z. Collio V. T. AjS 
Osborn, Samuel, & Co. Led. _ 


Paradisi, Costante A278 
Parmiter, Hope & Sugden Ltd — 
Agency— Donald Macdonald (Advertising) Lid 
Payne & Griffiths Led. 
Agency—Sandbrook, Metcalf & Co. Lid 
Pioneer Oilsealing & Moulding Co. Led 
Agency—Hyde & Partners Lid. 
Pitman, Sir Isaac, & Sons Led. 
Pollard Bearings Ltd A47 
Agency —Hedley, Byrne & Co. Lid 
Positive Lock Washer Co. Ltd 
Agency—Peter A. Menzies Advertising 


P.R. Motors Ltd. Ate 
Agency—A. A. Black Lid. 


Ai02 


Radio Heaters Ltd 
Agency —J. Peers & Associates Lid 
Ransome & Maries Bearing Co. Led 
Agency—Ruddocks Advertising Agency 
Rapid Magnetic Machines Led 
Agency —Edward Hilton Advertising Lid 
Ratcliffe, F. S. (Rochdale) Led A322 
Agency—Crane-Wood Lid 
Rawsthorne's (Bolton) Ltd. 
Reynolds Tube Co. Led 
Agency—Ripley, Preston & Co, Lid 
Richards, Charles, & Sons Ltd 
Agency—Longleys & Hoffmann Lid 
Roberts, J. W., Ltd. A6s 
Agency —Armstrong-Warden Lid 


Robinson, L., & Co. (Gillingham) Led 
Agency—Ripley Preston & Co. Lid 


Ali2 


Al04 


Rocco, $ 
Rocol Led. 
Agency— Nevin D. Hirst (Advertising) Lid. 


Rotherham & Sons Ltd 
Agency—George Murray Advertising Lid 


Salter, Geo., & Co. Ltd 
Agency —Severn Publicity Lid 
Salter, Geo., & Co. Ltd 
Agency— Murray, Watson Lid 
Sanderson Bros. & Newbould Ltd 
Saturn Industrial Gases Ltd 
Agency—Crossley & Co. Lid 
Savery, Thomas, Pumps Led 
Agency —Nicholls Dorrity Adv. Lid 
Schrader's Son, A 
Agency —Godbolds Limited 
Scottish Machine Tool Corporation Led 
Agency —Scottish Industrial Advertising Lid 
Sentinel (Shrewsbury) Led 
Agency —J. Peers & Associates Lid 
Serck Radiators Led AS? 
Agency —Longleys & Hoffmann Lid 
Sheffield Twist Drill & Steel Co. Led., The Cover | 
Smith, W.H., & Son Led As) 
Spencer (Melksham) Led Ail! 
Agency —Trowbridge Pritchard & Co. Lid 
Spencer Wire Co. Led 
Agency — Divers Advertising 
Sperry Gyroscope Co Ltd 
Agency —Samsen Clark & Co. Lid 
Standard Telephones & Cables Lcd 
Agency —Brockie Haslam & Co 


Star Foundry Led., The 
Agency —Tom C. Gough & Partners Lid 
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Steel, J. M., & Co. ied 
Agency—-Reynell & Son Lid 
Stone-Chance Led 
Agency Notley Advertising Lid 
Super Oil Seals & Gaskets Ltd 
Agency —A Black Lid 


Sykes, W. E.. Led 
Agency——W. S. Crawford Lid 


Tangyes Led 
Taylor, Taylor & Hobson Lcd 
Agency —Frank Gayton Advertising lid 
Teddington Industrial Equipment Lid 
Agency —Crane's Publicity Lid 
Terry, Herbert, & Sons Led 
Agency—John Haddon & Co. Lid 
Tschudin & Heid Led 
Thompson, John, Water Tube Boilers Led 
Agency —Rowlinson- Broughton 
Transelektro 
Agency —Presto 


Tufnol Led 
Agency 


ommercial & Ads 


Crossley & Co. Lid 
Turner Brothers Asbestos Co. Led 

Agency — Donald Macdonald (Advertising) Lid 
Turner, Ernest, & Co. (Salford) Led Ale 


Tyre Products Led 
Agency —Rylee (Advertising) Lid 


Uni-Tubes Led 
Agency —Prederich Aldridge Lid 


Universal Conveyor Co. Led 
Agency —John Halifax Lid 


Varatio-Strateline Gears Led 
Vaughan, Edgar, & Co. Led 
Agency —Oldfield & Sharp 
Vickers (Engineers) Led 
Agency——Technical & General Adv. Agency Lid 
Visco Engineering Co. Led 
Agency Ernest Ingram Hill Lid 
Voith, 1. M., Austria 
Agency —W.. S. Crawford Lid 
Vokes Led 
Agency Crane Publicity Lid 


Vulcascot (Gt. Britain) Led 


Waircom 
Walker, Crosweller & Co. Lid 

Agency —Beardmore Advertising Lid 
Walpamur Co. Led., The 

Agency —Osborne- Peacock Coa. Lid 
Ward (Metal Details) Led 

Agency Beardmore Advertising lid 
Ward, Thos. W., Led 

Agency — Ocelrichs Advertising Lid 
Wellman Bibby Co. itd 


& Co. Led 
( rose ourtenay Lid 


Weston, Chas 
Agency 
Whitehouse, Wm. & Co. Led 
Agency Severn Publicity Lid 
Whittle, T.. & Sons Led 
Agency Baird A Daws 
Whyte & Collins Led 
Agency —-Sandiwnack, Metcalf A ¢ lid 
Widdowson 


Witeow, Edward, & Co Led 
Agency Donald Macdonald (Advertis 


milid 


& Sons Led 


Wiimot Breeden Lid 
Agency WS. Crawford Lid 


Wicksteed, Charies & Co. (1920) Led 
Agency Nicholls, Dorrity Advertising Lid 
Wolverhampton Dive Casting Co. Led. The 
Agency Sterling Advertising Lid 
Weoods of Colchester Led 
Agemy T. BD. Browne lad 
Wright, Bindley & Gell Le 
Agency—L.. 4. Fowler & Co. Lad 


Zine Alloy Rust-Proofing Co Led 





co in an industry is the use of ideal 
4e materials. Foremost material is 
ge seamless steel tubing—light, strong, 
amenable to many industrial processes. 
2 Plain tubing, manipulated tubing, or 
te tubular assemblies, by REYNOLDS, 
a the “‘ key ” manufacturers, help 
production and make a lighter, stronger , 
more efficient product. 
Unlock more information by writing to 
Reynolds today 














REYNOLDS 





oe a oe TU Bees 





E7 REYNOLDS TUBE CO LTD TYSELEY + BIRMINGHAM It @ 








ottainulle 


BIBBY 


Kesstien 
COUPLINGS 








For nearly forty years Bibby Resilient Couplings The outstanding resilience of Bibby Couplings damp- 
have enjoyed an unexcelled reputation for efficiency ens shocks and vibrations, ensures smooth running 
and reliability and numerous Couplings supplied of plant, eliminates breakdowns. Standard Couplings 


over thirty years ago are still giving trouble-free up to 74" bore can be supplied from stock. 


service. We invite you to write for our illustrated brochure. 


THE WELLMAN BIBBY COMPANY LIMITED 
PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 
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1o you want a valve 


OF a 
headache ? 


Time-proven Nickloy valve discs and 
seats and superior packing are the 
protection Hunt & Mitton give you 
against the cutting action of high 
pressure steam. 


In every industry, Hunt S Mitton valves are 
handling high temperature, high pressure 
steam, hot water, gases and other fluids, with 
a quiet efficiency that has yet to be challenged 





insist on 


UBF Ir 


ti y * VALVES 
! nd your inquiries NOW to 


hu , OOZELLS STREET NORTH, BIRMINGHAM, | 




















gh. 








HYDRAULIC a FORTOX FLEXIBLE 
LEATHERS BELLOWS protect 


AND PACKINGS machinery and exclude dirt 
are manufactured for all types of h ‘ : ed « 


systems fluids and pres- 












sures. Accuracy of manu- 
facture ensures positive seal- 

ing and long trouble free life. A 
range of silicone leathers and syn- 
thetics is available for extreme 
conditions. Single iten 


supplied promptly 
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MEAD OFFICE AND TAWHIAY 1Onaon 


THE TANNERY © STOURPORT OW SEVERN - WORCS 760 LANT STREET BOROUGH er 


TELEPM ONE ‘7 aron go17 rei erwows , eee 





/ 5M/ Maximum swing 
J }", Swing over 
cross slides 63". Independent 
motors for spindle drive 

and rapid motion to turret 
and cross slides. Wide 
range of speeds with three 
automatic changes. Suitable 
for small batch work. 


wad me 7 Fung beer 
aximum swing apart ucking. 


12)". Swing over Air chucking is 


cross slides 10}". Wide J f available in the range 
range of speeds and feeds. — of additional equipment 


Three automatic speed 
changes. Headstock 
adjustable 4?" longitudinally. 
FIVE face turret ; 
adjustable 2” along the bed. 





Maximum swing 7 


Maximum swing over cross slides 6j q | BSA TOOLS LTD 


Cross slides stroke 2} 


Cutting travel of turret 4} 111 53 BIRMINGHAM 33 


Number and range of spindle speed 21 FORWARD 
; Raiets 14 REVERSE 40 to 834 r.p.m. or ENGLAND. 


58 to 1458 r.p.m 60 to 1220 r.p.m Cables) MADRICUT - BIRMINGHAM 
Horse power of main motor 45 10 





SOLE AGENTS GT. BRITAIN BURTON GRIFFITHS & CO., LTD., - KITTS GREEN BIRMINGHAM STECHFORD 3071 





